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(54) A semiconductor device for driving a current load device and a current load device provided 
therewith 



(57) In a D/l conversion section (21 0, 21 Oa-21 Od) of 
the semiconductor device for driving a light emission dis- 
play device, a precharge circuit (250, 250a) is provided 
at the rear of each 1 -output D/l conversion section (230, 
230a-230c). A precharge signal PC is input into the pre- 
charge circuit (250, 250a). The D/l conversion section 
has two output blocks internally thereof, and a role for 
storing and outputting current is changed every frame to 



enable securing a period for driving a pixel longer. Fur- 
ther, at the time of driving, in the precharge circuit (250, 
250a), current driving is carried out after a voltage cor- 
responding to output current has been applied to the pix- 
el, and therefore, the pixel can be driven at high speed.; 
Thereby, output current of high accuracy can be supplied 
to digital image data to be input, and even where an out- 
put current value is low, the current load device can be 
driven at high speed. 
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Description 

BACKGROUND OF THE INVENTION 

5 Technical Field of the Invention 

[0001 ] The present invention relates to a semiconductor device for driving a current load device provided with a plurality 
of cells including a current load element and a current load device provided therewith, and particularly relates to a 
semiconductor device for driving a current load device for carrying out a gradation display by a current value to which 
^0 a current load element is supplied and a current load device provided therewith. 

Description of the Related Art 

[0002] There has been developed a current load device provided with a plurality of cells, in the form of a matrix, 
15 including a current load element of which operation is decided by current supplied. Its application is, for example, a light 
emission display device in which a current load element is a luminous element, and an organic EL(Electro Luminescence) 
display device in which an organic EL element is used as a luminous element. 

[0003] In the following, as a current load device, a light emission display device will be explained byway of an example. 
FIG. 1 shows the constitution of a matrix type light emission display device. 

20 [0004] The display device comprises a horizontal driving circuit 200, a vertical scanning circuit 300 and a display 
portion 400. The gradation display is realized by adjusting current flowing in a luminous element within a 1 -pixel display 
portion 100 of the display portion 400. In a luminous element whose brightness is decided by various current, current 
and brightness are in a proportional relation. By combination of the constitution of the 1 -pixel display portion 100 and 
current or voltage applied from the horizontal driving circuit 200 and the vertical scanning circuit 300, the driving method 

25 of the light emission display device is classified into a simple matrix drive and an active matrix drive. 

[0005] FIG. 2 is a circuit view showing the constitution of the 1 -pixel display portion in case of the simple matrix drive. 
In the 1 -pixel display portion 101 in case of the simple matrix drive, at each point of intersection between a control line 
1 1 0 and a signal line 1 20, a luminous element 1 30 is connected between the control line 1 1 0 and the signal line 1 20. 
As shown in FIG. 1, the control line 1 10 is driven by the vertical driving circuit 300, and the signal line 120 is driven by 

30 the horizontal driving circuit 200. And, the control lines 1 1 0 are sequentially selected one by one by the vertical scanning 
circuit 300, and when current or voltage is output to the Lth signal line 120 from the horizontal driving circuit 200 during 
the scanning of the Kth control line 1 1 0, current flowing in the Kth line and the Lth column luminous element is decided, 
and the luminous element emits with intensity corresponding to the current. Thereafter, when the (K+1)th scanning is 
started, entitling of the Kth luminous element terminates. 

35 [0006] FIG. 3 is a circuit view showing the constitution of the 1 -pixel display portion in case of the active matrix drive. 
In the 1 -pixel display portion 1 02 in case of the active matrix drive, at each point of intersection between the control line 
110 and the signal line 120, a switch SW100 controlled by a potential of the control line 1 10 is connected to the signal 
line 1 1 0, and a gate of a TFT (Thin Film Transistor) T1 00 and one end of a capacity element CI 00 are connected to the 
other end of the switch SW1 00. A source of the TFT T1 00 and the other end of the capacity element CI 00 are grounded, 

^0 and a luminous element 1 30 is connected between a drain of the TFT T1 00 and a signal line whose potential is VEL. 
[0007] And, when the control lines 110 are sequentially selected one by one by the vertical scanning circuit SW300 
and the Kth control line 1 10 is then selected, the switch 100 in the 1-nixel display portion 102 is turned on. At this time, 
the Lth output voltage of the horizontal driving circuit 200 is a gate voltage of the TFT T100, and when a gate voltage 
such that the TFT T100 is operated in a saturated area is applied, impedance of the TFT T100 is decided. As a result, 

45 current flowing in the luminous element 1 30 is decided, and the luminous element 1 30 emits with intensity corresponding 
to the current. 

[0008] In the case of the active matrix drive, the 1 -pixel display portion may sometimes take the other constitution. 
FIGS. 4A and 4B are respectively circuit views showing the other constitution of the 1 -pixel display portion in the case 
of the active matrix drive. As shown in FIG. 4A, in a 1 -pixel display portion 1 03 of the other constitution, a switch SW1 02 

50 controlled by a potential of the control line 1 1 0 is connected to the signal line 1 1 0, and a gate and a drain of a P channel 
TFT T1 02 are connected to the other end of the switch SW1 02. A switch SW1 01 controlled by a potential of the control 
line 1 1 0 is connected to the gate and the drain, and a gate of the P channel TFT T1 01 and one end of a capacity element 
CI 00 are connected to the other end thereof. A constant potential VEL is supplied to sources of the TFT T1 01 and T1 02 
and the other end of the capacity element CI 00. A luminous element 130 is connected between the drain of the TFT 

55 T101 and a ground potential GND. And, when the Kth control line 1 10 is selected by the vertical scanning circuit 300, 
and the switches SW101 and SW102 are turned on, a gate voltage of the TFT T102 is determined so as to cause the 
Lth output current of the horizontal driving circuit 200 to flow from the signal line 1 20. Since the TFT T1 02 and TFT T1 01 
employ the current mirror constitution, where the current abilities of the TFT T1 02 and TFT T1 01 are equal to each other. 
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the same current as the output current value of the horizontal driving circuit 200 flows to the luminous element 130 
through the TFT T1 01 , and the luminous element 1 30 emits with intensity according to the current value. 
[0009] As shown in FIG. 4B, also in the case where N channel TFT T1 03 and T1 04 are used in place of the P channel 
TFT T101 and T102, the similar operation is carried out. 
5 [0010] Comparing the simple matrix drive with the active matrix drive, in case of the active matrix drive, a voltage is 
stored in the capacity element even after next line is selected, and therefore, it is possible to continue to flow current. 
Accordingly, current allowed to flow to the luminous element is small as compared with the case of the simple matrix 
drive which merely emits momentarily. 

[001 1] As described above, even if the absolute value of current or voltage is different, where the gradation display 
10 is carried out, irrespective of the kinds of the driving methods of the simple matrix drive and the active matrix drive, the 
horizontal driving circuit 200 has a function to convert digital gradation data into current or voltage. In case of voltage 
output, since unevenness of threshold of a transistor and unevenness of voltage-current characteristics and current- 
brightness characteristics of the luminous element are present in a pixel circuit (1 -pixel display portion), even if the same 
voltage is applied, there is a high possibility that brightness is uneven. On the other hand, in case of current output, 
15 being influenced merely by the unevenness of the current-brightness characteristics of the luminous element, unevenness 
of brightness is small, and high brightness can be displayed. 

[0012] FIG. 5 is a block diagram showing one example of the constitution of a horizontal scanning circuit 200 for 
outputting current to a display portion 400. In this constitution, digital gradation data are developed to the number of 
output by a data logic portion 201, and aftenwards, the digital gradation data are input into a digital voltage signal to 

20 analogcurrentsignal (digital-to-current)conversion portion 210totherebyobtain acurrentoutputforthe number of output. 
[0013] FIG. 6 is a circuit view showing a first conventional example of a digital-to-current conversion portion for 1- 
output. Where gradation data are 3 bits (DO to D2), switches SW1 10, SW1 1 1 , and SW1 12 controlled thereby connected 
in common to an output end for outputting current I data. N channels TFT T1 1 0, T1 1 1 , and T1 1 2 in which an input voltage 
VA is supplied to a gate are connected between the switches SW110, SW111, and SW112 and a ground wire at a 

25 ground potential VG. It is assumed that the current-brightness characteristics of the luminous element are in a proportional 
relation. Further, it is supposed that both the horizontal driving circuit 200 and the vertical driving circuit 300 are formed 
on a glass substrate, and all transistors are TFT. Even where gradation data are not less than 3 bits, the similar constitution 
is employed. 

[001 4] Further, in the first conventional example, it is designed so that with respect to the TFT T1 1 0, T1 1 1 and T1 1 2, 
30 the channel length (L) is constant, and the ratio of the channel width (W) is 1 :2:4. Since TFT T1 1 0 to T1 1 2 are common 
such that the gate voltage is voltage VA and the source voltage is voltage VG, where TFT T1 1 0 to T1 1 2 are operated 
in a saturated area, the current ratio is 1 :2:4. So, if a suitable input voltage VA is selected, switches SW1 10 to SW1 12 
are turned on/off on the basis of gradation data DO to D2 whereby with respect to the output current I data, current output 
of 8 gradations whose current ratio is 0 to 7 becomes enabled. Further, the absolute value of current can be regulated 
35 by changing the input voltage VA. 

[001 5] FIG. 7 is a circuit view showing a second conventional example of a digital-to-current conversion portion for 1 - 
output. In the conventional second example, digital gradation data DO to D2 are input into gates of N channels TFT T1 10 
to T1 12, Drains of the TFT T1 1 0 to T1 12 are connected in common to output ends and a power supply voltage VD is 
supplied to sources thereof. The ratio of the channel width of the TFT T1 1 0 to T1 12 is set to 1 :2:4 similarly to the first 
^0 conventional example. 

[0016] In the second conventional example as described above, a high level of digital gradation data input is set in 
advance to a suitable voltage, and a low level is made to be a level turned off by a thin film transistor, whereby current 
output of 8 gradations whose current ratio is 0 to 7 becomes enabled similarly to the first conventional example. Further, 
the absolute value of current can be regulated by changing a high level of digital gradation data input. 

45 [001 7] However, in a transistor, particularly in TFT, since unevenness of current abilities where the same gate voltage 
is applied between different TFTs is great, there poses a problem that it is difficult to issue a current output of high 
accuracy. In the conventional digital-to-current conversion portion, when there is a characteristic unevenness of TFT in 
substantially the whole width area of the display device, even the size of TFT is uniform and a voltage between the gate 
and the source is uniform, an uneven display occurs because the current value is different from that in other areas in 

50 the uneven portion. Further, current abilities become uneven even between TFTs as in a close area, and when such an 
unevenness becomes large, a display unevenness appears between close pixels, and when the characteristics of TFTs 
used for the same output become uneven, monotony of gradation is not satisfied. 

[0018] Further, in the conventional digital-to-current conversion portion, particularly in the active matrix drive, there is 
a problem that where the output current value is low, it takes time for driving. This Is because of the fact that when the 
55 active matrix drive by way of current drive is employed, driving completes at the time when the same current as the 
output current of the digital-to-current conversion portion as a driving circuit flows to the TFT in the pixel, but a wiring 
load, particularly a parasitic capacity is always present in the signal line 1 1 0 within the display portion 400, the luminous 
element also has a capacity value, and therefore it is necessary that the capacity loads are charged or discharged by 
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output current which is constant current. That is, since the same current as output current of a digital-to-current conversion 
circuit which is a driving circuit flows to the TFT within the pixel first by charging or discharging the capacities to a certain 
voltage, it takes long time till then. 

5 SUMMARY OF THE INVENTION 

[0019] It is an object of the present invention to provide a semiconductor device for driving a light emission display 
device and a light emission display device provided therewith capable of supplying output current of high accuracy to 
digital image data input and preferably capable of driving the light emission display device at high speed even where 
10 an output current value is low. 

[0020] It is another object of the present invention to provide a further general semiconductor device for driving a 
current load device and a current load device provided therewith. 

[0021] A semiconductor device for driving a current load device provided with a plurality of cells including a current 
load element, according to a first aspect of the present invention comprises: 

15 

current supply terminals for supplying current to said cells; and 

n-bit digital-to-currsnt conversion circuit, at least one of which is provided to every one or plurality of said current 
supply terminals, and which stores n (n is natural number) kinds of current values decided by one or plural kinds of 
reference current to be input, and outputs one current in accordance with n-bit digital data to be input out of 2"^ level 
20 current obtained from said stored current values. 

[0022] A semiconductor device for driving a current load device provided with a plurality of cells including a current 
load element, according to a second aspect of the present invention comprises: 

25 a plurality of n-bit digital-to-current conversion circuits for storing one or a plurality of reference current values and 

outputting current in accordance with n-bit digital data; 

a current storing shift register for outputting a scanning signal in synchronism with storing operation of said reference 
current in said n-bit digital-to-current conversion circuit carried out in order; 
an n-bit data latch for transmitting n-bit digital data to an n-bit date selector; and 
30 an n-bit data selector for determining whether or not n-bit digital data from said n-bit data latch according to the fast 

that said n-bit digital-to-current conversion circuit carries out operation for storing said reference current or carries 
out operation for outputting current. 

[0023] One example of the current load device is a light emission display device which comprises a luminous element 

35 whose brightness is determined by current supplied and which is provided on each pixel. Now, the present invention 
will be described taking the semiconductor device for a light emission display device as an example 
[0024] The semiconductor device for driving a light emission display device according to the present invention com- 
prises an n-bit digital-to-current conversion circuit provided with n 1 -bit digital-to-current conversion circuits (231 , 231a- 
231 i) for storing reference currant for 1 -bit, each of which inputs n kinds of reference current corresponding to the current- 

^0 brightness characteristics of the luminous element stored in the one 1 -bit digital-to-current conversion circuit, and outputs 
the reference current to one or not less than two 1 -bit digital-to-current conversion circuits selected on the basis of n-bit 
digital image data to thereby output 2" kinds of current, the n-bit digital-to-current conversion circuit being provided every 
output terminal for outputting current to the light emission display device, and a current value of said n kinds of reference 
current is set to a value that the lowest current value is sequentially doubled. 

45 [0025] The 1-bit digital-to-current conversion circuit may comprise a signal line to which the reference current flows, 
a data line to which 1 -bit of the digital image data is transmitted, a control line, a first and a second voltage supply lines, 
a transistor whose source is connected to the first voltage supply line, a capacity element connected between a gate of 
the transistor and the second voltage supply line, a first switch connected between a drain of the transistor and the 
output terminal and controlled by a signal for transmitting the data line, a second switch connected between a gate of 

50 the first transistor and the signal line or a drain of the first transistor and controlled by a signal for the control line, and 
a third switch connected between a drain of the transistor and the signal line and controlled by a signal for the control 
line; and may comprise a signal line to which the reference current flows, a data line to which of the digital image data 
is transmitted, a first and a second control lines, a first and a second voltage supply lines, a first transistor whose source 
is connected to the first voltage supply line, a capacity element connected between a gate of the first and the second 

55 supply line, a first switch connected between a drain of the first transistor and the output terminal and controlled by a 
signal for transmitting the data line, a second switch connected between a gate of the first transistor and the signal line 
or a drain of the first transistor and controlled by a signal for transmitting the second control line, and a third switch 
connected between a drain of the first transistor and the signal line and controlled by a signal for transmitting the first 
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control line. 

[0026] Alternatively, there may comprise a second transistor whose gate is biased, between the first transistor and 
the first voltage supply line. 

[0027] Further, when the first switch is in an OFF state and the second and the third switches are in an ON state, the 

5 transistor is operated in a saturated area is which a portion between the gate and the drain thereof is short-circuited, a 
voltage between the gate and the source of the transistor in the stage in which the operation is stabilized is a voltage 
necessary for flowing the reference current to a voltage between the drain and source, the value of the voltage is decided 
in accordance with current/voltage characteristics of the transistor, after which when the second and the third switches 
assume an OFF state, a voltage between the gate and the source of the transistor is held in the capacity element, and 

10 whether or not reference current based on the voltage between the gate and the source held is output is decided by the 
operation of the first switch. Then, since the n 1-bit digital-to-current conversion circuits are present in each output, 
current of 2" level according to the current-brightness characteristics of the luminous element can be output in accordance 
with the n-bit digital image data. Accordingly, the 1-bit digital-to-current conversion circuit is able to output current of 
high accuracy irrespective of unevenness of current/voltage characteristics of the transistor for storing and outputting 

15 the current. 

[0028] Further, if the third switch assumes an OFF state after the second switch has assumed an OFF state, the 
influence of noises caused by the OFF operation of the transistor as the third switch is reduced, because of which the 
1-bit digital-to-current conversion circuit is able to store and output current with higher accuracy. 
[0029] The first to third switches may be constituted by a transistor. 

20 [0030] Further, the 1 -bit digital-to-current conversion circuit is provided with a dummy transistor in which an inverted 
signal of a signal for transmitting the second control line is input in a gate, the product of length and width of the gate is 
1/2 of the product of length and width of a gate of a transistor constituting said second switch, a drain is connected to 
the gate of the transistor, and a source is short-circuited to the drain. Whereby, since movement of a charge when the 
transistor as the second switch is turned OFF can be compensated for, the 1-bit digital-to-current conversion circuit is 

25 able to store and output current with higher accuracy. 

[0031] In the present invention, in the current storing period, the transistor for storing n current in the n-bit digital-to- 
current conversion circuit is operated in the saturated area in which a portion between the gate and the drain is short- 
circuited, and a voltage between the gate and the source is a voltage in which reference current flows in a stabilized 
manner. At the end of the current storing period, the switch which short-circuits between the gate and the drain is turned 

30 OFF, and a voltage between the gate and the source is stored in the capacity. At that time, since the n transistors store 
a voltage between the gate and the source to cause the reference current to flow in accordance with the respective 
current/voltage characteristics, the voltage between the gate and the source to cause the reference current to flow is 
held irrespective of unevenness of the current/voltage characteristics of the n transistors to thereby store current. In the 
driving period, the first transistor having n current stored turns ON/OFF n switches between the drain of the n transistors 

35 having current stored and the output of the digital-to-current conversion circuit to determine if the stored current is output. 
Since the thus output current is output from the n transistors themselves having current stored, current of high accuracy 
without being affected by unevenness of current/voltage characteristics results. By the operation as described above, 
the digital-to-current conversion circuit in each output of the present invention becomes possible to output current of 
high accuracy at which the current ratio is 0, 1, 2, ...,2^-^. In this case, n reference current sources are necessary in 

40 order to constitute the digital-to-current conversion circuit. 

[0032] Further, in case of having the second transistor in which gate is biased, the first transistor and the second 
transistor are cascode connected, and where the both are operated in the close area, drain voltage dependability of 
drain current can be suppressed, because of which even if the characteristic of the luminous element becomes uneven, 
it is possible to suppress the unevenness of current supplied. 

45 [0033] Further, there is provided a second semiconductor device for driving a light emission display device for driving 
a light emission display device according to the present invention in which a luminous elegant whose brightness is 
determined by current supplied is provided on each pixel characterized by having an n-bit digital-to-current conversion 
circuit for storing 1 kind of reference current and for producing and outputting 2^ kind of current corresponding to the 
current-brightness characteristics of the luminous element from the stored reference current on the basis of n-bit digital 

50 image data, every output terminal for outputting current to the light emission display device. 

[0034] The n-bit digital-to-current conversion circuit comprises a signal line in which the reference current flows, n 
data lines to which of the digital image data is transmitted, a control line, a first and a second voltage supply lines, a 
current storing transistor whose source is connected to the first voltage supply line, n current outputting transistors in 
which gates are short-circuited each other and sources are connected in common to the first voltage supply line, a 

55 capacity element connected between the gate of the current outputting transistor and the second voltage supply line, n 
output controlling switches connected between a drain of the n current outputting transistors and the output terminal 
and controlled by any of signals for transmitting the data line, a first storage controlling switch connected between a 
drain of the currant storing transistor and the signal line and controlled by a signal for transmitting the control line, and 
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a second storage controlling switch connected between a gate of the current storing transistor and a gate of the current 
outputting transistor and controlled by a signal for transmitting the control line, and current ability of the n current outputting 
transistors is set to a level that the lowest current ability may be sequentially doubled. Then-bit digital-to-current conversion 
circuit comprises a signal line in which the reference current flows, n data lines to which 1-bit of the digital image data 

5 is transmitted, a first and a second control lines, a first and a second voltage supply lines, a current storing transistor 
whose source is connected to the first voltage supply line, n current outputting transistors in which gates are short- 
circuited each other and sources are connected in common to the first voltage supply line, a capacity element connected 
between the gate of the current outputting transistor and the second voltage supply line, n output controlling switches 
connected between a drain of the n current outputting transistors and the output terminal and controlled by any of signals 

10 for transmitting the data line, a first storage controlling switch connected between a drain of the current storing transistor 
and the signal line and controlled by a signal for transmitting the second control line, and a second storage controlling 
switch connected between a gate of the current storing transistor and a gate of the current outputting transistor and 
controlled by a signal for transmitting said control line, and current ability of the n current outputting transistors is set to 
a level that the lowest current ability may be sequentially doubled. 

15 [0035] Alternatively, a bias transistor whose gate is biased may be provided between the current storing transistor or 
the current outputting transistor and the first voltage supply line. 

[0036] When the output controlling switch is in an OFF state and the first and the second storage controlling switches 
are in an ON state, the current storing transistor is operated in a saturated area in which a portion between the gate and 
the drain thereof is short-circuited, a voltage between the gate and the source of the current storing transistor in the 

20 stage in which the operation is stabilized is a voltage necessary for flowing the reference current to a voltage between 
drain and source, the value of the voltage is decided in accordance with current/voltage characteristics of the current 
storing transistor, after which the first and the second storage controlling switches assume an OFF state, a voltage 
between the gate and the source of the current storing transistor is held in the capacity element to assume a state that 
the n current outputting are able to flow current of n kinds in total based on the current/voltage characteristics from 

25 reference current on the basis of the voltage between the gate and the source held, and whether or not current capable 
of being flown by the current outputting transistor is output may be decided by the n-bit of digital image data. 
[0037] Preferably, the second storage controlling switch assumes an OFF state after said first storage controlling 
switch has assumed an OFF state. 

[0038] The output controlling switch and the first and the second storage controlling switches may be constituted from 
30 a transistor. 

[0039] Preferably, the n-bit digital-to-current conversion circuit has a dummy transistor in which an inverted signal of 
a signal for transmitting the second control line is input in a gate, the product of length and width of the gate is 1/2 of the 
product of length and width of a gate of a transistor constituting the first storage controlling switch, a drain is connected 
to the gate of the current storing transistor, and a source is short-circuited to the drain. 

35 [0040] The present invention can be used where the unevenness of current/voltage characteristics of the transistor 
in a close area is small. The transistor for storing current in the n-bit digital-to-current conversion circuit of each output 
stores current by the means similar to that mentioned above. Here, the transistor for storing the current, the aforemen- 
tioned transistors and a current mirror are provided. When the transistor for storing current is made equal to or larger 
so that out of n outputting transistors whose current ability ratio is 1 ■.2A\...\2^-^ , the current ability ratio relative to the 

40 transistor of largest current ability is 1:1 or 2:1, the reference current value is large and a period for charging and 
discharging a wiring load through which reference current flows is shortened, and therefore the current storing period 
can be shortened. At this time, since the transistor for storing the current stores a gate-source voltage in the state that 
reference current flows, current can be stored with high accuracy irrespective of unevenness of current/voltage charac- 
teristics. Thereby, where the unevenness of current/voltage characteristics of the transistor in the close area is small, n 

45 switches to be turned ON/OFF in accordance with the digital input image data are provided as means between the drain 
of the outputting transistor and the output of the digital-to-current conversion circuit to enable outputting current of high 
accuracy in which the current ratio is 0, 1 , 2, 2^-^. Further, in this case, a single reference current source is able to 
constitute the digital-to-current conversion circuit, making it possible to reduce the input from outside. 
[0041 ] Further, in case of having the bias transistor in which the gate is biased, the current storing transistor or current 

50 outputting transistor and the bias transistor are cascode connected, and where the both are operated in the saturated 
area, drain voltage dependability of drain current can be suppressed, because of which even if the characteristic of the 
luminous element becomes uneven, it is possible to suppress the unevenness of current supplied. 
[0042] There is provided a third semiconductor device for driving a light emission display device for driving a light 
emission display device in which a luminous element whose brightness is determined by current supplied is provided 

55 on each pixel according to the present invention characterized by having an n-bit output digital-to-current conversion 
circuit for storing k kind of reference current corresponding to the current-brightness characteristics of the luminous 
element, producing (n-k) kind of current from said k kind of reference current stored and outputting 2^ kind of current on 
the basis of n-bit of digital image data from a combination of these current, every output terminal for outputting current 
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to the light emission display device. 

[0043] The n-bit output digital-to-current conversion circuit comprises k signal lines in which the reference current 
flows, n data lines to which 1 -bit of the digital image data is transmitted, a control line, a first and a second voltage supply 
lines, k current storing and outputting transistors whose source is connected to the first voltage supply line, (n-k) current 

5 outputting transistors in which a gate is short-circuited to one gate out of the k current storing and outputting transistors, 
one or a plurality of capacity elements connected between the gate of the current storing and outputting transistors and 
the second voltage supply line, n output controlling switches connected between drains of the current storing and 
outputting transistors and the current outputting transistors and an output terminal and controlled by any of signals for 
transmitting the data line, k first storage controlling switches connected between drains of the current storing and out- 

10 putting transistors and the signal line and controlled by a signal for transmitting the control line, and k second storage 
controlling switches connected between gates and drains of the current storing and outputting transistors and controlled 
by a signal for transmitting the control line, and current ability of the current outputting transistors is lower than that of 
all of the current storing and outputting transistors, and current ability of the current outputting transistors and the current 
storing and outputting transistors is set to a level that the lowest current ability may be sequentially doubled. The n-bit 

15 digital-to-current conversion circuit comprises k signal lines in which the reference current flows, n data lines to which 
1 -bit of said digital image data is transmitted, a first and a second voltage supply lines, k number of current storing and 
outputting transistors whose source is connected to the first voltage supply line, (n-k) current outputting transistors in 
which gates are short-circuited to a gate of any one of said k current storing and outputting transistors, one or a plurality 
of capacity elements connected between the gate of the current storing and outputting transistors and the second voltage 

20 supply line, n output controlling switches connected between drains of the current storing and outputting transistors and 
the current outputting transistors and an output terminal and controlled by any of signals for transmitting the data line, 
k first storage controlling switches connected between a drain of the current storing and outputting transistors and the 
signal line and controlled by a signal for transmitting the second control line, and k second storage controlling switches 
connected between a gate and a drain of the current storing and outputting transistor and controlled by a signal for 

25 transmitting the first control line, and current ability of the current outputting transistors is lower than that of all of the 
current storing and outputting transistors, and current ability of the current outputting transistors and the current storing 
and outputting transistors set to a level that the lowest current ability may be sequentially doubled. 
[0044] Alternatively, a bias transistor whose gate is biased may be provided between the current storing transistor or 
the current outputting transistor and the first voltage supply line. 

30 [0045] When the output controlling switch is in an OFF state and the first and the second storage controlling switches 
are in an ON state, the current storing and outputting transistor is operated in a saturated area in which a portion between 
the gate and the drain thereof is short-circuited, a voltage between the gate and the source of the current storing and 
outputting transistor in the stage in which the operation is stabilized is a voltage necessary for flowing the reference 
current to a voltage between the drain and source, the value of the voltage is decided in accordance with current/voltage 

35 characteristics of the current storing and outputting transistor, after which when the first and the second storage controlling 
switches assume an OFF state, a voltage between the gate and the source of the current storing and outputting transistor 
is held in the capacity element to assume a state that the current outputting transistors and the current storing and 
outputting transistors are able to flow current of n kinds in total based on the current/voltage characteristics from reference 
current on the basis of the voltage between the gate and the source held, and whether or not current capable of being 

^0 flown by the current outputting transistor and the current storing and outputting transistor is output may be decided by 
the n-bit of digital image data. 

[0046] Preferably, the second storage controlling switch assumes an OFF state after the first storage controlling switch 
has assumed an OFF state. 

[0047] The output controlling switch and the first and the second storage controlling switches may be constituted from 
45 a transistor. 

[0048] Further, the n-bit digital-to-current conversion circuit has a dummy transistor in which an inverted signal of a 
signal for transmitting the second control line is input in a gate, the product of length and width of the gate is 1/2 of the 
product of length and width of a gate of a transistor constituting the first storage controlling switch, a drain is connected 
to the gate of the current storing transistor, and a source is short-circuited to the drain. 

50 [0049] The present invention can be used where the current ability of the transistor in the close area is somewhat 
small. In the current storing period, one or several transistors in the n-bit digital-to-current conversion circuit means of 
each output stores the same number of reference current as that of the transistor by means similar to that mentioned 
above. Accordingly, the one or several transistors for storing current is able to output current of high accuracy. On the 
other hand, one or several outputting transistors comprising any of the transistors for storing current and the current 

55 mirror output current lower than the reference current whereby even if the current/voltage characteristics is uneven, the 
influence in the entirety can be minimized. By the constitution as described above, current in which current ratio is 1 :2: 
4 2^'^ can be supplied with high accuracy, n switches to be turned ON/OFF in accordance with digital input image 
data is provided, as means, between the drain of the transistor for storing and outputting the current and the output of 
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the digital-to-current conversion circuit wliereby current of liigli accuracy in winicii current ratio is 0,1,2,..., 2^-^ can be 
output. Further, in this case, the digital-to-current conversion circuit can be constituted by one or several reference 
current sources, and the input from outside can be reduced. 

[0050] Here, in case of having the bias transistor in which gate is biased, the current storing transistor or the current 

5 outputting transistor and the bias transistor are cascade connected, and where the both are operated in the close area, 
drain voltage dependability of drain current can be suppressed, because of which even if the characteristic of the luminous 
element becomes uneven, it is possible to suppress the unevenness of current supplied. 

[0051] In the present invention, any of the aforementioned digital-to-current conversion circuit means can be combined 
to constitute an n-bit digital-to-current conversion circuit means. For example, the 1-bit digital-to-current conversion 

10 circuit of the first invention is used for the bit of highest current value, and the (n-1 ) bit digital-to-current conversion circuit 
of the second embodiment is used for the bit lower than the former to thereby enable constituting an n-bit digital-to- 
currentconversion circuit which is high in accuracy of the bit of the highest current value greatly affected by the unevenness 
while there are two kinds of reference current, 

[0052] Further, in the present invention, the first and second voltage supply lines may be a common power supply line. 

15 [0053] Furthermore, where the number of the output terminals is a, and emitting color of the pixel of the light emission 
display device is b color, n x b kinds of reference current values are necessary, but in this case, current storing operation 
may be carried out by being divided into a/b times. The digital-to-current conversion circuit corresponding to 1 -output 
has the above-described two n-bit digital-to-current conversion circuits whereby one is made to serve as a current 
outputting circuit and the other as a current storing circuit, and storing of current is carried out by being divided into a/b 

20 times using same reference current within each frame, and preferably, current output and current storage are changed 
in role every frame. By changing the role every frame, a period for storing current other than a period for driving the light 
emission display device is not necessary. Therefore, the driving period can be considered as the whole frame period, 
1 horizontal period for driving 1 line can be taken longer, and current of high accuracy can be driven in the pixel circuit. 
The aforementioned operation is similarly carried out, for example, even where the digital-to-current conversion circuit 

25 corresponding to l-output is provided with not less than three n-bit digital-to-current conversion circuits. Further, changing 
of role between the current output and the current storage may be carried out every plural frames. 
[0054] In the present invention, there is provided a precharge circuit in which current output from a current outputting 
circuit such as the above-described n-bit digital-to-current conversion circuit is input to thereby output a suitable voltage. 
Preferably, the precharge circuit comprises a false load circuit in which if the light emission display device is of a simple 

30 matrix type, a load equal to the luminous element results and if the light emission display device is of an active matrix 
type, a load equal to a pixel circuit results, a voltage follower whose input is a voltage where output current flows from 
the current outputting circuit to the false load circuit, a first precharging switch connected between an output of the 
current outputting circuit and the false load circuit, a first precharging control line for transmitting a signal for controlling 
the first precharging switch, a second precharging switch for connecting an output of the current outputting circuit and 

35 the light emission display device, a second precharging control line for transmitting the first precharging switch to control 
an inverted signal of a signal for controlling the first precharging switch, and a third switch connected between an output 
of the voltage follower and the light emission display device and controlled by a signal for transmitting the first precharging 
control line. 

[0055] Further, as precharge operation at the first stage of 1 horizontal period, output current of the current outputting 
^0 circuit is supplied to the false load circuit, the voltage being applied to a luminous element within the pixel within the light 
emission display device or the pixel, and thereafter, as current drive operation, output current of the current outputting 
circuit is directly supplied to a luminous element within the pixel within the light emission display device or the pixel 
circuit, whereby even if output current of the current outputting circuit is small, the time for charging and discharging the 
wiring load or the like within the light emission display device can be shortened, because of which the luminous element 
45 within the pixel within the light emission display device or the pixel circuit can be driven with more stably and at higher 
speed, and with high accuracy. 

[0056] Furthermore, the precharge circuit has the constitution which cancels an offset voltage of the voltage follower, 
and the operation for canceling the offset voltage of the voltage follower is carried out at the time of the current driving 
operation, whereby extra time is not necessary, and a difference between the case where output current of the circuit 
50 for storing and outputting current is supplied to the false load circuit and the case where the current is supplied to the 
pixel (circuit) within the actual light emission display device becomes small, because of which the luminous element 
within the pixel within the light emission display device or the pixel circuit can be driven more stably and at high speed, 
and with high accuracy. 

[0057] By the provision of the precharge circuit, since the false pixel (circuit) is present close to the digital-to-current 
55 conversion circuit, even where the wiring load therebetween is small, and current to be output is small, the false pixel 
(circuit) causes current output to flow stably in a short period of time. A gate voltage in the state that current is flowing 
stably to the false pixel (circuit) is input in the voltage follower, and an output of the voltage follower is connected to a 
data line of the light emission display device, whereby a voltage close to a voltage in the state that output current of the 
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current outputting circuit is flowing stably to the pixel (circuit) within the display portion is applied to the signal line or the 
pixel (circuit) within the display portion. The precharge operation as described above can be carried out at high speed 
as compared with one in which a load of the data line is charged and discharged with constant current. After the data 
line and the voltage of the pixel (circuit) within the display portion have been stabilized by the precharge operation, the 

5 current outputting circuit is separated from the false pixel (circuit), and current is directly output to the data line from the 
current outputting circuit. In this case, since the load of the data line caused by constant current which is output of the 
current outputting circuit and the charging and discharging of the pixel (circuit) within the display portion may be carried 
out slightly because the precharge has been already carried out, and there is not affected by the load of the signal line 
before the precharge and the voltage of the pixel (circuit) within the display portion. Further, the driving time can be 

10 shortened. Accordingly, by carrying out two stages of driving operation as described above, the pixel (circuit) can be 
current-driven stably, at high speed and with high accuracy without being affected by the wiring load within the light 
emission display portion before driving and the voltage of the load of the pixel (circuit). 

[0058] The semiconductor device for driving a light emission display device according to the present invention com- 
prises one or a plurality of the n-bit digital-to-current conversion circuits for storing reference current every output and 

15 outputting 2^ kinds of current in accordance with n-bit digital data, a data selector in which the n-bit digital-to-current 
conversion circuit performs outputting of current or storing operation to thereby to perform operation whether or not 
transmitting an n-bit data latch and data from the n-bit data latch to the n-bit digital-to-current conversion circuit, and a 
current storing shift register for outputting a scanning signal in synchronism with operation for storing the reference 
current. Furthermore, the semiconductor device for driving a light emission display device has the precharge circuit 

20 every output. Further, the semiconductor device for driving a light emission display device is provided, every output, 
with an n-bit data register for holding n-bit digital data input from outside in synchronism with a scanning signal of a data 
holding shift register. Further, there comprises an output selector circuit capable of sequentially connecting outputs of 
the n-bit digital-to-current circuit or the precharge circuit, in the 1 horizontal period to a plurality of data lines of the light 
emission display device in accordance with a selector signal whereby the semiconductor device for driving a light emission 

25 display device is able to drive the light emission display device in a lesser circuit scale. 

[0059] It is noted that there can be integrated on one chip along with a circuit for producing the reference current. 
Further, the transistor may be comprised of a thin film transistor. 

[0060] The light emission display device according to the present invention is characterized by the provision of any 
of the aforementioned semiconductor devices for driving a light emission display device formed on the same substrate 

30 as the luminous element and integrated on one chip together with the circuit for producing reference current. 

[0061] Particularly, where the luminous element and the aforementioned semiconductor devices for driving a light 
emission display device formed on the same substrate as the luminous element, the false load (circuit) within the 
precharge circuit can be constituted in the same size and shape as the load (circuit) within the pixel of the display device, 
because of which the accuracy of the precharge voltage obtained can be made high. At this time, the driving method 

35 having the precharge operation and the current outputting operation combined can be driven more stably, at high speed 
and with high accuracy. 

[0062] The aforementioned semiconductor devices for driving a light emission display device and the light emission 
display device according to the present invention can be also applied to a more general current load element, a semi- 
conductor device for driving a current load element or a current load device, which are constituted by a current load 
^0 element in place of a luminous element, as mentioned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] 

45 

FIG. 1 is a view showing the constitution of a light emission display device in which a luminous element whose 

brightness is decided by current supplied is present in each pixel. 

FIG. 2 is a circuit view showing the constitution of a 1 -pixel display portion in case of a simple matrix drive. 
FIG. 3 is a circuit view showing the constitution of a 1 -pixel display portion in case of an active matrix drive. 
50 FIGS. 4A and 4B are respectively circuit views showing another constitution of a 1 -pixel display portion in case of 

an active matrix drive. 

FIG. 5 is a block diagram showing one example of a horizontal scanning circuit 200 for outputting current to a display 
portion 400. 

FIG. 6 is a circuit view showing a first conventional example of a digital-to-current conversion portion for 1 -output. 
55 PIG. 7 is a circuit view showing a second conventional example of a digital-to-current conversion portion for 1 -output. 

FIG. 8 is a block diagram showing the constitution of a semiconductor device for driving a current load device 

according to a first embodiment of the present invention. 

FIG. 9 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230. 
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FIG. 10 is a block diagram showing the constitution of a 1-bit D/l conversion portion 231. 

FIG. 1 1 is a timing chart showing the operation of a semiconductor device for driving a current load device according 
to a first embodiment of the present invention. 

FIG. 1 2 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a second embodiment 
5 of the present invention. 

FIG. 1 3 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a third embodiment 
of the present invention. 

FIG. 1 4 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a fourth embodiment 
of the present invention. 

^0 FIG. 1 5 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a fifth embodiment 

of the present invention. 

FIG. 1 6 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a sixth embodiment 
of the present invention. 

FIG. 17 is a block diagram showing the constitution of a semiconductor device for a light emission display device 
15 according to a seventh embodiment of the present invention. 

FIG. 18 a block diagram showing the constitution of a 1 -output D/l conversion portion 230a. 
FIG. 19 is a block diagram showing the constitution of a 1-bit D/l conversion portion 231 f. 

FIG. 20 is a timing chart showing the operation of a semiconductor device for driving a current lead device according 
to a seventh embodiment of the present invention. 
20 FIG. 21 is a blockdiagram showing the constitution of a 1 -bit D/l conversion portion according to an eighth embodiment 

of the present invention. 

FIG. 22 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
according to a ninth embodiment of the present invention. 

FIG. 23 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230b. 
25 FIG. 24 is a block diagram showing the constitution of a 1-bit D/l conversion portion 231 h. 

FIG. 25 is a block diagram showing the constitution of a 1 -bit D/l conversion portion according to a tenth embodiment 
of the present invention. 

FIG. 26 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
according to a thirteenth embodiment of the present invention. 
30 FIG. 27 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230c. 

FIG. 28 is a block diagram showing the constitution of a 1-bit D/l conversion portion according to a fourteenth 
embodiment of the present invention. 

FIG. 29 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
according to a fifteenth embodiment of the present invention. 
35 FIG. 30 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230e. 

FIG. 31 is a circuit view showing the constitution of one example of a data preparation circuit 232. 

FIG. 32 is a timing chart showing the operation of a semiconductor device for driving a current load device according 

to a fifteenth embodiment of the present invention. 

FIG. 33 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
^0 according to a sixteenth embodiment of the present invention. 

FIG. 34 is a circuit view showing the constitution of a precharge circuit 250. 
FIG. 35 is a timing chart showing the operation of a precharge circuit 250. 

FIG. 36 is a block diagram showing the constitution of a 1-bit D/l conversion portion according to a seventeenth 
embodiment of the present invention. 
45 FIG. 37 is a block diagram showing the constitution of a 1-bit D/l conversion portion according to an eleventh 

embodiment of the present invention. 

FIG. 38 is a blockdiagram showing the constitution of a 1 -bit D/l conversion portion according to a twelfth embodiment 

of the present invention. 

FIG. 39 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
50 according to an eighteenth embodiment of the present invention. 

FIG. 40 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
according to a nineteenth embodiment of the present invention. 

FIG. 41 is a block diagram showing the constitution of a semiconductor device for driving a current load device 
according to a twentieth embodiment of the present invention. 

55 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0064] The semiconductor device for a current load device according to the embodiment of the present invention will 
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be explained in detail with reference to the accompanying drawings taking the semiconductor device for a light emission 
display device as an example similarly to that mentioned above. In the following explanation, those for which order is 
set in the same constitutional elements are shown by an under bar and a numeral, and in case where attention is paid 
individually, they are shown without attaching an under bar and a numeral thereto. 

5 [0065] FIG. 8 is a block diagram showing the constitution of a semiconductor device for a light emission display device 
according to a first embodiment of the present invention. In the first embodiment, a digital-to-current (D/l) conversion 
portion 21 0 is provided, and the digital-to-current (D/l) conversion portion 21 0 is provided with a shift register comprising 
a 1 -output D/l conversion portion 230 for the output number (3 x n) to the light emission display device, and n flip-flops 
(F/F) 290_1 to 290_n provided every 3-output. Into the shift register are input a start signal 1ST for controlling timing for 

10 storing current, a clock signal ICL, and an inverted signal ICLB of the clock signal ICL. Further, into the 1 -output D/l 
conversion portion 230 are input digital image data DO to D2 of outputs, and any of reference current IRO to IR2, IGO to 
IG2, and I BO to 182 for reference are input according to light emitting color assigned thereto. Further, reference current 
has a current value adjusted to the current-brightness characteristics of luminous elements whose light emitting colors 
are red, blue and green, and a current value irO of reference current IRO corresponds to a first gradation of a luminous 

^5 element whose emitting color is red, a current value iri of reference current IR1 corresponds to a second gradation of 
a luminous element whose emitting color is red, and a current value ir2 of reference current IR2 corresponds to a fourth 
gradation of a luminous element whose emitting color is red. Similarly, current values of reference current IGO to IG2 
correspond to a first gradation, a second gradation, and a fourth gradation whose light emitting colors are green, re- 
spectively, and reference current. IBO to TB2 correspond to a first gradation, a second gradation, and a fourth gradation 

20 whose light emitting colors are blue, respectively. One F/F 290 and three 1 -output D/l conversion portions 230 into which 
is input a signal MSW output from the F/F 290 constitute one RGB D/l conversion portion 220. 

[0066] FTG. 9 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230. The 1 -output D/l 
conversion portion 230 comprises three 1-bit D/l conversion portions 231. Any of a combination of image data DO and 
reference current 10, a combination of image data D1 and reference current 11 and a combination of image data D2 and 

25 reference current 12 are input into these 1 -bit D/l conversion portions 231 . and a signal MSW which is an output signal 
of F/F is input. Reference current 10 to 12 correspond to any of a combination of reference current IRO to IR2, a combination 
of reference current IGO tao IG2, and a combination of reference current IBO to IB2. That is, in the 1 -output D/l conversion 
portion 230 for displaying red (R), reference current supplied to the 1-bit D/l conversion portion 231 into which is input 
digital gradation data DO is reference current IRO corresponding to brightness of the first gradation of a luminous element 

30 for displaying red. Further, reference current supplied to the 1-bit D/l conversion portion 231 into which is input digital 
gradation data D1 is reference current IRI corresponding to brightness of the second gradation of a luminous element 
for displaying red, and reference current supplied to the 1 -bit D/l conversion portion 231 into which is input digital gradation 
data D2 is reference current IR2 corresponding to brightness of the fourth gradation of a luminous element for displaying 
red. However, since the current-brightness characteristics of a luminous element has a proportional relation, a relation 

35 of iri = 2 X irO and ir2 = 4 x irO is established. Likewise, In the 1-bit D/l conversion portion 231 provided in the 1 -output 
D/l conversion portion 230 for displaying green (G) or a blue (B) into which are input gradation data DO, D1 and D2, 
reference current IGO or IBO, reference current IG1 or IB1, and reference current IG2 or IB2 are input. 
[0067] FIG. 10 is a block diagram showing the constitution of a 1-bit D/l conversion portion 231. In the 1-bit D/l 
conversion portion 231 are provided a current storing and outputting transistor N channel thin film transistor (TFT) T1, 

^0 switches SW1 to SW3, and a capacity element CI . The switch SW1 is connected to a drain of TFT T1 , and controlled 
by gradation data D *. Output current lout is output from the other end of the switch SW1 . The switch SW2 is connected 
between a contact between the switch SW1 and TFT T1 , one end of the capacity element CI and a gate of TFT T1 , 
and controlled by a signal MSW. one end of the switch SW3 is connected to a signal line to which is supplied reference 
current 1 *, and the other end thereof is connected between a contact between the switch SW1 and TFT T1 and one end 

45 of the capacity element CI, and controlled by a signal MSW. Further, a source of TFT T1 and the other end of the 
capacity element CI are, for example, grounded, but where there is no problem in of operation, a voltage higher than 
a ground voltage GND may be supplied. Gradation data D* and reference current 1* correspond to any of gradation 
data DO and reference current 10, gradation data D1 and reference current II, and gradation data D1 and reference 
current 12. 

50 [0068] In the following, the operation of the semiconductor device for a light emission display device according to a 
first embodiment constituted as mentioned above will be explained. FIG. 1 1 is a timing chart showing the operation of 
a semiconductor device for a light emission display device according to a first embodiment of the present invention. In 
FIG. 1 1 , Y_1 and Y_2 show respectively a first line and a second line output signals of a vertical scanning circuit 300 
(see FIG. 1), DO, D1 and D2 show respectively 3-bit digital image data (gradation data), lout shows an output signal of 

55 the 1 -output D/l conversion portion 230, 1ST shows a start signal of a shift register constituted by n flip-flops 290, ICL 
shows a clock signal of the shift register, and MSW_1 and MSW_2 show respectively a first stage and a second stage 
output signals of the shift register. 

[0069] A period from the beginning of vertical scanning of a display portion 400 (see FIG. 1) to the next beginning of 
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vertical scanning is called 1 frame. The 1 frame comprises a current driving period (a first operation period) and a current 
storing period (a second operation period). 

[0070] First, the current storing period (the second operation period) will be explained. In the current storing period, 
each 1-bit D/l conversion portion 231 stores reference current supplied from to reference current source. In the present 

5 period, all digital gradation data are a low level, and the switch SW1 of the 1-bit D/l conversion portion 231 is OFF. 

[0071] With the start of the current storing period, a pulse signal is input as a start signal 1ST into F/F 290_1 of the 
first stage, and simultaneously with the input of the pulse signal, a clock signal ICL and a clock inverted signal ICLB are 
input into the F/F 290_1 , whereby a shift register constituted by n F/F 290s begins to operate. When an output signal 
MSW_1 of the F/F 290_1 of the first stage assumes a high level, the switches SW2 and SW3 of each 1 -bit D/l conversion 

10 portion 231 provided in the 1 -output D/l conversion portion 230 into which is input the output signal MSW_1 are turned 
ON. When the switches SW2 and SW3 are turned ON, the current storing and outputting TFT T1 within the 1-bit D/l 
conversion portion 231 operates in a saturated area because a portion between the gate and the drain is short-circuited. 
And, in the state that the present operation is stabilized, the gate voltage is set adjusting to the current/voltage charac- 
teristics of TFT T1 so that reference current from the reference current source flows between the drain and the source 

15 of TFT T1 . 

[0072] After assuming the stabilized state, when the signal MSW_1 assumes a low level and the output signal MSM_ 
2 of F/F of the second stage assumes a high level, the switches SW2 and SW3 of each 1 -bit D/l conversion portion 231 
within the RGB D/1 conversion portion 220 on which F/F 290_1 is provided are turned OFF, At this time, a gate voltage 
of TFT T1 within the RGB D/1 conversion portion 220 on which F/F 290_1 is provided is held at a voltage so that reference 

20 current is flown by the capacity element CI . As a result, reference current is stored in TFT T1 irrespective of the respective 
current/voltage characteristics. A period that the signal MSW is held at a high level as described above is termed as a 
3-output current storing period in the RGB D/1 conversion portion 220. On the other hand, the switches SW2 and SW3 
within the RGB D/1 conversion portion 220 on which F/F of the second stage is provided are turned ON, and in the 
stabilized state, operation is made in a saturated area so that reference current flows between the drain and the source 

25 of TFT T1 , and the gate voltage is set adjusting to the current/valtago characteristics of TFT T1 so that the reference 
current flows. 

[0073] In the current storing period, the 3-output current storing period as mentioned above is repeated with respect 
to all the RGB D/1 conversion portions 220, and reference current is stored in all the 1 -output D/l conversion portions 230. 
[0074] Next, the current driving period (the first operation period) will be explained. In the current driving period, the 
30 vertical scanning circuit 300 selects the control lines (scanning lines) line by line. FIG. 1 1 shows scanning pulses Y_1 
and Y_2 which are outputs of the first line and the second line, respectively. 

[0075] When the scanning pulse Y_1 assumes a high level, the control line of the first line is selected, and in synchronous 
therewith, 3-bit digital gradation data DO to D2 of the first line for the number of output are input every output into the 1 - 
output D/l conversion portion 230. When the digital gradation data DO to D2 are input, turning ON/OFF of the switch 
35 SW1 within the 1 -bit D/l conversion portion 231 is controlled according to levels (high level (H)/low level(L)) thereof, and 
current having been stored in TFT T1 in the current driving period of the frame directly before is output. The following 
Table shows a relationship between input digital gradation data DO to D2 and gradation (output current value). 



[TABLE 1] 




Gradation 


Gradation Data 


Output Current Value 


DO 


D1 


D2 


(Current Value of lout) 


0 


L 


L 


L 


0 


1 


H 


L 


L 


iO 


2 


L 


H 


L 


i1=2 X iO 


3 


H 


H 


L 


i1+i0=3 X iO 


4 


L 


L 


H 


i2=4 X iO 


5 


H 


L 


H 


i2+i0=5 X iO 


6 


L 


H 


H 


i2+i1=6 X iO 


7 


H 


H 


H 


i2+i1+i0=7 X iO 



55 

[0076] As shown in Table 1 , the output current value can be adjusted by digital gradation data input from 0 to 7 x 1 0. 

Further, the gate voltage is set so that current equal to the reference current source flows, adjusting to the current/voltage 
characteristics of TFT T1 in the current storing period (the second operation period), and the same TFT T1 is used to 
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output current, because of which unevenness of output current is small and high accuracy is obtained irrespective of 
unevenness of the cur rent/ voltage characteristics. 

[0077] On the other hand, in the current driving period (the first operation period), the shift register is not operated, 
and all the switches SW2 and SW3 always remain to be OFF. 

5 [0078] And, such an operation as described above is repeated with respect to each frame whereby the display portion 
400 carries out displaying according to the gradation data DO to D2, and at that time, current of high accuracy is supplied 
to the pixel circuit. 

[0079] According to the first embodiment as described above, it is possible to supply current at high speed and with 
high accuracy to a light emission display device having a P channel TFT as shown in FIG. 4A. 

10 [0080] Next, the second embodiment of the present invention will be explained. In the second embodiment, the con- 
stitution of the 1 -bit D/l conversion portion in the first embodiment is changed, and for example, the second embodiment 
is applied to the pixel circuit shown in FIG. 4B. FIG. 1 2 is a block diagram showing the constitution of a 1 -bit D/l conversion 
portion according to a second embodiment of the present invention. 

[0081] A 1 -bit D/l conversion portion 231 a according to the second embodiment is provided with a P channel TFT T2 
15 in place of the N channel TFT T1 in the first embodiment, to which source and one end of the capacity element C1 are 
supplied a power supply potential VD. The voltage VD is a voltage equal to or lower than the voltage VEL, which is a 
level not posing a problem in terms of operation. 

[0082] The first embodiment can be applied to the case where the transistor for causing current of the pixel circuit as 
shown in FIG. 4A to flow is the P channel TFT, but the second embodiment can be applied to the N channel TFT as 
20 shown in FIG. 4B. That is, where TFT within the pixel circuit is the P channel TFT, the source voltage is the voltage VEL, 
but in case of the N channel TFT, it is necessary that the source voltage be a ground level GND, and the present 
embodiment can be corresponded thereto. 

[0083] The operation of the second embodiment is similar to the first embodiment, except that the polarity of output 
current is changed, and the similar effect is obtained. 
25 [0084] Next, the third embodiment of the present invention will be explained. In the third embodiment, the constitution 

of the 1 -bit D/l conversion portion in the first embodiment is changed, and for example, the third embodiment is applied 
to the pixel circuit shown in FIG. 4A. FIG. 1 3 is a block diagram showing the constitution of a 1 -bit D/l conversion portion 
according to the third embodiment of the present invention. 

[0085] In a 1 -bit D/l conversion portion 231 b according to the third embodiment, a suitable stabilised voltage VB instead 

30 of the ground potential GND is supplied to one end of the capacity element CI . 

[0086] The operation of the third embodiment is similar to the first embodiment, and the similar effect is obtained. This 
indicates that the voltage supplied to the capacity element CI may be any voltage as long as it is stabilized. Next, the 
fourth embodiment of the present invention will be explained. In the fourth embodiment, the constitution of the 1-bit D/l 
conversion portion in the first embodiment is changed, and for example, the fourth embodiment is applied to the pixel 

35 circuit shown in FIG. 48. FIG. 14 is a block diagram showing the constitution of a 1-bit D/l conversion portion according 
to the fourth embodiment of the present invention. 

[0087] In a 1-bit D/l conversion portion 231c according to the fourth embodiment, a suitable stabilized voltage VB 
instead of the ground potential GND is supplied to one end of the capacity element C1 , similarly to the third embodiment. 
Further, a P channel TFT T2 in place of the N channel TFT T1 in the first embodiment is provided similarly to the second 

^0 embodiment, and a power supply potential VD is supplied to the source and one end of the capacity element CI . 

[0088] As described above, the fourth embodiment is in the form that the third embodiment is applied to the second 
embodiment, indicating that the voltage supplied to the capacity element CI may be any voltage as long as it is stabilized, 
similarly to the third embodiment. Next, the fifth embodiment of the present invention will be explained. In the fifth 
embodiment, the constitution of the 1-bit D/l conversion portion in the first embodiment is changed, and for example, 

45 the fifth embodiment is applied to the pixel circuit shown in FIG. 4A. FIG. 15 is a block diagram showing the constitution 
of a 1-bit D/l conversion portion according to the fifth embodiment of the present invention. 

[0089] In a 1-bit D/l conversion portion 231 d according to the fifth embodiment, N channel transistors T1 1 to T13 in 
place of the switches SW1 to SW3 in the first embodiment are provided. 

[0090] Also in the fifth embodiment as described, the operation similar to the first embodiment is carried out on the 
50 basis of the timing chart shown in FIG. 1 1 , and the similar effect is obtained. It is noted that P channel transistors may 
be used in place of the N channel transistors Til to T13. In this case, in the timing chart, the output signal of F/F is 
made to be a signal that one shown in FIG. 1 1 is inverted. 

[0091] Next, the sixth embodiment of the present invention will be explained. In the sixth embodiment, the constitution 
of the 1-bit D/l conversion portion in the first embodiment is changed, and for example, the sixth embodiment is applied 
55 to the pixel circuit shown in FIG. 4B. FIG. 1 6 is a block diagram showing the constitution of a 1 -bit D/l conversion portion 
according to the sixth embodiment of the present invention. 

[0092] In a 1-bit D/l conversion portion 231 e according to the sixth embodiment, N channel transistors T1 1 to T13 in 
place of the switches SW1 to SW3 in the second embodiment are provided. 
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[0093] Also in the sixth embodiment as described, the operation similar to the second embodiment is carried out on 
the basis of the timing chart shown in FIG. 1 1 , and the similar effect is obtained. It is noted that P channel transistors 
may be used in place of the N channel transistors T1 1 to T13. In this case, in the timing chart, the output signal of F/F 
is made to be a signal that one shown in FIG. 11 is inverted. 

5 [0094] Next, the seventh embodiment of the present invention will be explained. The seventh embodiment is, for 
example, applied to the pixel circuit shown in FIG. 4A. FIG. 17 is a block diagram showing the constitution of a semi- 
conductor device for a light emission display device according to a seventh embodiment of the present invention. 
[0095] In the seventh embodiment, a D/l conversion portion 21 Oa is provided, and the D/l conversion portion 21 Oa is 
provided with a shift register comprising a 1 -output D/l conversion portion 230a for the outputs of (3 x n) to the light 

10 emission display device, and n flip-flops (F/F) 290a_1 to 290a_n provided every 3-output. Into the shift register are input 
a start signal 1ST for controlling timing for storing current, a clock signal ICL, an inverted signal ICLB of the clock signal 
ICL, and a current storing timing signal IT. Further, digital image data DO to D2 of each output are input into the 1 -output 
D/l conversion portion 230a, and any of reference current IRQ to IR2, IGO to IG2, and IBO to IB2 for reference are input 
according to light emitting colors assigned thereto. One F/F 290a, and three 1 -output D/l conversion portions 230a into 

15 which are input signals MSW1 and MSW2 output from the F/F 290a constitute one RGB D/l conversion portion 220a. 
[0096] FIG. 18 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230a. The 1 -output 
D/l conversion portion 230a comprises three 1-bit D/l conversion portions 231 f. Any of a combination of image data DO 
and reference current 10, a combination of image data D1 and reference current 11, and a combination of image data 
D2 and reference current 12 is input into these 1-bit D/l conversion portions 231 f, and signals MSW1 and MSW2 which 

20 are output signals of F/F are input. 

[0097] FIG. 19 is a block diagram showing the constitution of the 1-bit D/l conversion portions 231 f. The 1-bit D/T 
conversion portions 231 f is provided, similar to the fifth embodiment, with the current storing and outputting transistor 
N channel TFT T1 , N channel transistors T11 to T13, and the capacity element CI. The gradation data DO, the signal 
MSW2 and the signal MSW1 are input into the gates of the transistors T1 1 , T1 2, and T1 3, respectively, and the transistors 

25 are controlled by these signals. 

[0098] Next, the operation of the semiconductor device for a light emission display device according to the seventh 
embodiment constituted as described above will be explained. FIG. 20 is a timing chart showing the operation of the 
semiconductor device for a light emission display device according to the seventh embodiment of the present invention. 
[0099] According to the present embodiment, in the current storing period, the signal MSW1 changes similarly to the 

30 signal MSW1 in the first embodiment, as shown in FIG. 20. Further, the current storing timing signal IT rises in synchronism 
with rising of the signals MSW1, and falls at a timing earlier than the signal MSW. And the signal MSW2 rises at the 
same timing as the signal MSW1, and falls in synchronism with the falling of the current storing timing signal IT. The 
period during which the signal MSW2 rises is termed as a 3-output current storing period in the RGB D/l conversion 
portion 220a. 

35 [0100] In the seventh embodiment as described above, in the 1-bit D/l conversion portions 231 f, only the transistor 
T1 2 is turned OFF at the termination of the 3-output current storing period, and afterwards, the transistor T1 3 is turned 
OFF. Accordingly, the gate voltage of TFT T1 in the state that reference current flows stably between the drain and the 
source is held more positively without being affected by noises when the transistor T13 is turned OFF. Because of this, 
in the present embodiment, current of higher accuracy than the fifth embodiment can be supplied. 

^0 [01 01 ] Next, the eighth embodiment of the present invention will be explained. In the eighth embodiment, the constitution 
of the 1-bit D/l conversion portion in the seventh embodiment is changed, and for example, the eighth embodiment is 
applied to the pixel circuit shown in FIG. 4B. FIG. 21 is a block diagram showing the constitution of the 1 -bit D/l conversion 
portion in the eighth embodiment of the present invention. 

[0102] A 1-bit D/l conversion portion 231 g in the eighth embodiment is provided with a P channel TFT T2 in place of 
45 the N channel TFT T1 in the seventh embodiment, and a power supply potential VD is supplied to the source thereof 
and one end of the capacity element CI . 

[0103] It is noted that the operation of the eighth embodiment is similar to that of the seventh embodiment except that 
the polarity of output current is changed, and the similar effect is obtained. For example, current of higher accuracy than 
the sixth embodiment can be supplied. 

50 [0104] Next, the ninth embodiment of the present invention will be explained. The ninth embodiment is, for example, 
applied to the pixel circuit shown in FIG. 4A. FIG. 22 is a block diagram showing the constitution of the semiconductor 
device for a light emission display device according to the ninth embodiment of the present invention. 
[0105] In the ninth embodiment, a D/l conversion portion 21 Ob is provided. The D/l conversion portion 21 Ob is provided 
with a shift register comprising a 1 -output D/l conversion portion 230b for outputs of (3 x n) to the light emission display 

55 device, and n flip-flops (F/F) 290b_1 to 290b_n provided every 3-output. Into the shift register are input a start signal 
1ST for controlling timing for storing current, a clock signal YCL, an inverted signal ICLB of the clock signal ICL, and a 
current storing timing signal IT. Further, digital image data DO to D2 of each output are input into the 1 -output D/l 
conversion portion 230b, and any of reference current IRO to IR2, IGO to IG2, and IBO to IB2 for reference are input 
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according to light emitting colors assigned thereto. One F/F 290b, and three 1-ontput D/l conversion portions 230b into 
which are input signals MSW1 , MSW2 and MSW2B output from the F/F290b constitute one RGB D/l conversion portion 
220b. Note that the signal MSW2B is an Inverted signal of the signal MSW2. 

[0106] FIG. 23 is a block diagram showing the constitution of the 1 -output D/l conversion portion 230b. The 1 -output 

5 D/l conversion portion 230b comprises three 1 -bit D/l conversion portions 1 21 h. Into these 1 -bit D/l conversion portions 
121h are input any of a combination of image data DO and reference current 10, a combination of image data D1 and 
reference current 11, and a combination of image data D2 and reference current 12, and signals MSW1, MSW2 and 
IVISW2B which are output signals of F/F are input. 

[0107] FIG. 24 is a block diagram showing the constitution of the 1-bit output D/l conversion portion 231 h. The 1-bit 
10 output D/l conversion portion231 h is provided, similarlyto the seventhembodiment, with thecurrentstoring and outputting 
transistor N channel TFT T1 , N channel transistors T1 1 to T1 3 and the capacity element CI . Gradation data DO, a signal 
MSW2, and a signal MSW1 are input into the gates of the transistors T1 1 , T1 2 and T1 3, and the transistors are controlled 
by these signals. In the present embodiment, an N channel transistor T1 4 is connected between the N channel transistor 
T1 2 and one end of the capacity element C1 . The source and the drain of the N channel transistor 1 4 are short-circuited 
15 each other, and the signal MSW2B is input into the gate thereof. And the gate of the TFT T1 is connected to a contact 
between the drain of the N channel transistor 14 and one end of the capacity element C. The product of the transistor 
length L and the transistor width W of the transistor T1 4 is one half the product of the transistor length L and the transistor 
width W of the transistor T12. 

[0108] The semiconductor device for a light emission display device according to the ninth embodiment constituted 
20 as described above is operated, similarly to the seventh embodiment, on the basis of the timing chart shown in FIG. 20. 
However, a waveform of the signal MSW2B is one in which a waveform of the signal MSW2 is inverted. 
[0109] Accordingly, in the 1 -bit D/T conversion portion 231 h, at the termination of the 3-output current storing period, 
the transistor T1 2 is turned OFF, and simultaneously therewith, the transistor T14 is turned ON, after which the transistor 
T1 3 is turned OFF. Because of this, the gate voltage of TFT T1 in the state that reference current is caused to flow stably 
25 between the drain and the source is not affected by the noise when the transistor T1 3 is turned OFF, and movement of 
a load caused when the transistor T12 is turned ON is also absorbed by turning-ON of the transistor T14 and is held 
more accurately. As described above, current of higher accuracy than the seventh embodiment can be supplied. 
[0110] Next, the tenth embodiment of the present invention will be explained. In the tenth embodiment, the constitution 
of the 1 -bit D/l conversion portion in the ninth embodiment is changed, and for example, the tenth embodiment is applied 
30 to the pixel circuit shown in FIG. 4B. FIG. 25 is a block diagram showing the constitution of a 1 -bit D/l conversion portion 
according to the tenth embodiment of the present invention. 

[0111] In a 1-bit D/l conversion portion 2311 according to the tenth embodiment, a P channel TFT T2 is provided in 
place of the N channel TFT T1 in the ninth embodiment, and a power supply potential VD is supplied to the source and 
one end of the capacity element CI . 
35 [01 12] It is noted that the operation of the tenth embodiment is similar to the ninth embodiment except that the polarity 
of output current is changed, and the similar effect is obtained. For example, current of higher accuracy than the eighth 
embodiment. 

[0113] Next, the eleventh embodiment of the present invention will be explained. In the eleventh embodiment, the 

constitution of the 1-bit D/l conversion portion in the first embodiment is changed, and the eleventh embodiment is, for 
^0 example, applied to the pixel circuit shown in FIG. 4A. FIG. 37 is a block diagram showing the constitution of the 1 -bit 
D/l conversion portion in the eleventh embodiment of the present invention. 

[0114] In a 1-bit D/l conversion portion 231j in the eleventh embodiment, both ends of SW2 are not connected to a 
contact between the switch SW1 and TFTI and the gate of TFT T1 , respectively, but connected to a signal line to which 
reference current I * is supplied and the gate of TFT T1 . 
45 [0115] The operation of the eleventh embodiment is similar to that of the first embodiment, and the similar effect is 
obtained. Further, the change as in the second and the tenth embodiments with respect to the first embodiment can be 
carried out. 

[01 1 6] Next, the twelfth embodiment of the present invention will be explained. In the twelfth embodiment, the consti- 
tution of the 1-bit D/l conversion portion in the eleventh embodiment is changed. For example, the twelfth embodiment 
50 is applied to the pixel circuit shown in FIG. 4. FIG. 38 is a block diagram showing the constitution of a 1 -bit D/l conversion 
portion according to the twelfth embodiment. 

[0117] In the 1-bit D/l conversion portion 231k according to the twelfth embodiment, TFTT15 is added between TFT 
T1 and the GND line, and a suitable voltage VS1 is applied to the gate of TFT T15. 

[0118] The operation of the twelfth embodiment is similar to that of the first embodiment, and the similar effect is 
55 obtained. Further, since in the embodiment, the added TFT T15 and TFT T1 are cascode connected, the drain voltage 
dependability of drain current in the saturated area of TFTI is flattened to enable improving accuracy of output current 
lout. In addition, the present embodiment is able to carryout the change as in the second to the tenth embodiments with 
respect to the first embodiment. 
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[0119] Next, the thirteenth embodiment of the present invention will be explained. The thirteenth embodiment is, for 
example, applied to the pixel circuit shown in FIG. 4A, and can be used where currert/voltage characteristics unevenness 
in the close area is small. FIG. 26 is a block diagram showing the constitution of the semiconductor device for a light 
emission display device according to the eleventh embodiment of the present invention. 

5 [0120] In the thirteenth embodiment, a D/I conversion portion 210c is provided. The D/l conversion portion 210c is 
provided with a shift register comprising a 1 -output D/l conversion portion 230c for outputs of (3 x n) to the light emission 
display device, and n flip-flops (F/F) 290_1 to 290_n. Into the shift register are input a start signal 1 ST for controlling for 
storing current, a clock signal ICL, and an inverted signal ICLB of the clock signal TCL is input. Further, digital image 
data DO to D2 of each output are input into the 1 -output D/l conversion portion 230c, and any of reference current IR2, 

10 IG2, and IB2 for reference current are input according to light emitting color assigned thereto. One F/F290 and three 1 - 
output D/l conversion portions 230c into which is input a signal MSW output from the F/F290 constitute one RGB D/l 
conversion portion 220c. 

[0121] The current values of reference current are adjusted to the current brightness characteristics in which light 
emitting colors are red, blue, and green. A current value ir2 of reference current IR2 corresponds to the fourth gradation 

15 in which light emitting color is red, a current value ig2 of reference current IG2 corresponds to the fourth gradation in 
which light emitting color is green, and a current value ib2 of reference current IB2 corresponds to the fourth gradation 
in which light emitting color is blue. That is, reference current supplied to the 1 -output D/l conversion portion 230c for 
displaying red (R) is reference current IR2 corresponding to brightness of the fourth gradation of the luminous element 
for displaying red. However, since the currant-brightness characteristics of the luminous element has a proportional 

20 relation, assuming that the current value corresponding to the first gradation isirO, ir2 = 4 x irO results. Likewise, reference 
current IG2 or IB2 is input into the 1 -output D/l conversion portion 230c for displaying green (G) or blue (B). Accordingly, 
in the present embodiment, the minimum value of reference current input is four times of that of the first embodiment. 
The reason for causing reference current to correspond to the fourth gradation is that design was made so that as will 
be described later, current ability of N channel TFT T23 for storing current provided in the 1 -output D/l conversion portion 

25 becomes equal to current ability of N channel TFT T23 for outputting current corresponding to the fourth gradation. FIG. 
27 is a block diagram showing the constitution of the 1 -output D/l conversion portion 230c. The 1 -output D/l conversion 
portion 230c is provided with a switch SW23a controlled by a signal MSW and to one end of which is supplied reference 
current 1*. A drain and a gate of an N channel TFT T23 are connected in common to the other end of the switch 23a. A 
source of TFT T23 is grounded. One end of a switch SW23b controlled by signal MSW is connected to the drain and 

30 the gate of the N channel TFT T23, and gates of N channels TFT T20 to T22 and one end of the capacity element 02 
are connected in common to the other end thereof. The sources of TFT T20 to T22 and the other end of the capacity 
element 02 are grounded. Switches SW20, SW21 and SW22 controlled by gradation data DO, D1 and D2, respectively, 
are connected to the drains of TFT T20, T21 and T22, and the other ends of these switches SW20 to SW22 are connected 
in common. Output current lout is output from the common connected point. The current ability ratio of TFT T20, T21 

35 and T22 is 1 : 2 : : 4. Further, the current ability of TFT T22 and the current ability of TFT T23 are designed to be the 
same each other. Where there is no problem in terms of operation, a voltage higher than a ground potential GND instead 
of the ground potential GND may be supplied to the sources of TFT T20 to T23 and one end of the capacity element 
02. For example, only the capacity element 02 may be connected to a different signal line. 

[0122] The semiconductor device for a light emission display device according to the thirteenth embodiment constituted 
^0 as described above operates, similarly to the first embodiment, on the basis of the timing chart shown in FIG. 1 1 . 

[0123] In the current storing period (the second operation period) in the thirteenth embodiment, each 1 -output D/l 
conversion portion 230c stores reference current (either IR2, IG2 or IB2) supplied from the reference current source. 
Here, in the present period, all digital gradation data are a low level, and the switches SW20 to SW22 of the 1 -output 
D/l conversion portion 230c are OFF. 
45 [0124] As the current storing period starts, a pulse signal as the start signal 1ST is input into F/F 290_1 of the first 
stage, and simultaneously with the input of the pulse signal, a clock signal lOL and a clock inverted signal lOLB are input 
into F/F 290_1 whereby a shift register comprising n F/F 290 begins to operate. When an output signal MSW_1 of F/F 
290_1 of the first stage assumes a high level, switches SW23a and SW23b provided in the 1 -output D/l conversion 
portion 230c within the RGB D/l conversion portion 220c provided with the F/F 290_1 are turned ON. When the switches 
50 SW23a and SW23b are turned ON, the current storing TFT T23 of the 1 -output D/l conversion portion 230c operates in 
a saturated area since a portion between the gate and the drain thereof is short-circuited. Thereafter, the gate voltage 
(of TFT T23) is set adjusting to the current/voltage characteristics of TFT T23 so that reference current from the reference 
current source flows between the drain and the source of TFT T23 in the stabilized condition. 

[0125] When after assuming the stabilized condition, the signal MSW_1 assumes a low level, and the output signal 
55 MSW_2 of F/F of the second stage assumes a high level, the switches SM23a and SW23b of the 1 -output D/l conversion 
portion 220c provided with F/F 290_1 are turned OFF. At this time, a voltage so that TFT T23 causes reference current 
to flow is held by the capacity element 02 of the 1 -output RGB D/l conversion portion 230 within the RGB D/l conversion 
portion 220c provided with F/F 290_1. Since one end of the capacity element 02 is connected to gates of outputting 
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TFT T20 to T22, the outputting TFT T20 to T22 are able to flow, corresponding to the current ability ratio with respect 
to TFT T23, current corresponding to the first gradation, current corresponding to the second gradation, and current 
corresponding to the fourth gradation. The period in which the signal MSW is at a high level as described is as a 3-output 
current storing period in the RGB D/l conversion portion 220c. On the other hand, the switches SW23a and SW23b 
5 within the RGB D/l conversion portion 220c provided with F/F of the second stage are turned ON, and in the stabilized 
condition, operation is made in a saturated area so that reference currant flows between the drain and the source of 
TFT T23, and the gate voltage is set adjusting to the current/voltage characteristics of TFT T23 so that reference current 
flows. 

[0126] In the current storing period, the 3-output current storing period as mentioned above is repeated with respect 
10 to all RGB D/l conversion portions 220c, and reference current is stored in all 1 -output D/l conversion portions 230c. 
[0127] In the current driving period (the first operation period), the vertical scanning circuit 300 selects control lines 
line by line. 

[01 28] When a scanning pulse Y_1 assumes a high level, a control line of the first line is selected, and in synchronism 
therewith, 3-bit digital gradation data DO to D2 of the first line corresponding to outputs are input into the 1 -output D/l 

15 conversion portion 230c every output. When the digital gradation data DO to D2 are input, turning ON/OFF if switches 
SW20 to SW22 is controlled according to these levels (high level (H)/low level (L)), and current having been stored in 
the current driving period of the frame immediately before is output according to current ability of TFT T20 to T22. As a 
result, gradation expression as shown in Table 1 becomes enabled. Accordingly, the outputcurrent value can be adjusted, 
from 0 to 7 X iO, by digital gradation data input. Further, reference current is stored adjusting to unevenness of current/ 

20 voltage characteristics in the current storing period (the second operation period), and in a close area, the unevenness 
of current/voltage characteristics is small. Therefore, unevenness of current is small irrespective of unevenness of 
current/voltage characteristics in a large area, and high accuracy is obtained. 

[0129] On the other hand, in the current driving period (the first operation period), the shift register is not operated, 
and all switches SW23a and SW23b always remain turned OFF. 
25 [0130] The operation as described above is repeated with respect to each frame whereby in a display portion 400, 
displaying according to gradation data DO to D2 is carried out, at which time, current of high accuracy is supplied to the 
pixel circuit. 

[01 31] According to the thirteenth embodiment as described above, since reference current is four times of the minimum 
value of reference current in the first embodiment, charging and discharging of a load of wiring for flowing reference 
30 current can be carried out at high speed, and it is possible to attain a stabilized condition quickly. Accordingly, since the 
current storing period can be shortened to extend the current driving period, current of higher accuracy can be supplied 
to the pixel within the display portion. 

[0132] It is noted in the thirteenth embodiment that as in the second to the tenth embodiments, where the pixel circuit 
has the constitution as shown in FIG. 4B, the polarity of the transistor may be changed; a transistor may be used as a 

35 switch; and timings for turning OFF the switches SW23a and SW23b may deviated each other or transistors are added 
to raise accuracy of output current. Further, for example, current ability of TFT T23 is made larger than current ability of 
TFT T22 whereby the minimum value of reference current can be made larger. In this case, since the current storing 
period can be shorted, and the current driving period can be extended, the charting and discharging time for a load of 
a wiring to the pixel within the display portion can be secured longer, and current of higher accuracy can be supplied to 

^0 the pixel. 

[0133] Next, the fourteenth embodiment of the present invention will be explained. In the fourteenth embodiment, the 
constitution of the 1 -output D/l conversion portion in the thirteenth embodiment is changed. For example, the fourteenth 
embodiment is applied to the pixel circuit shown in FIG. 4A, and can be used where unevenness of current/voltage 
characteristics in a close area is somewhat small. FIG. 28 is a block diagram showing the constitution of a 1-bit D/l 
45 conversion portion according to the fourteenth embodiment. 

In the 1-bit D/l conversion portion 230d according to the fourteenth embodiment, TFT T23 is not provided, and one end 
of the switch SW 23a is connected to a drain of TFT T22. Further, the switch SW 23b is connected between the drain 
and the source of TFT T22. 

[0134] It is noted that similarly to the thirteenth embodiment, the current value of reference current is adjusted to the 
50 current brightness characteristics in which light emitting colors are red, blue and green; and the current value ir2 of 
reference current IR2 corresponds to the fourth gradation in which light emitting color is red, the current value ig2 of 
reference current IG2 corresponds to the fourth gradation in which light emitting color is green, and the current value 
ib2 of reference current IB2 corresponds to the fourth gradation in which light emitting color is blue. That is, the reference 
current supplied to the 1 -output D/l conversion portion 230d for displaying red (R) is reference current IR2 corresponding 
55 to brightness of the fourth gradation of a luminous element for displaying red. However, the current-brightness charac- 
teristics of the luminous element have a proportional relation, assuming that the current value corresponding to the first 
gradation is irO, ir2 = 4 x irO results. Similarly, reference current IG2 or IB2 is input into the 1 -output D/l conversion portion 
230c for displaying green (G) or displaying blue (B), Accordingly, in the present embodiment, the minimum value of 
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reference current input will be 4 times of that of the first embodiment. The reason for causing the reference current to 
correspond to the fourth gradation is that as will be mentioned later, design was made so that current ability of outputting 
TFT T20, T21 of the 1 -output D/l conversion portion 230d and current ability of TFT T22 for storing and outputting current 
are 1 : 2 : 4. 

5 [01 35] The semiconductor device for a light emission display device according to the fourteenth embodiment constituted 
as described above is also operated on the basis of the timing chart shown in FIG. 1 1 , similarly to the first embodiment. 
[0136] In the current storing period (the second operation period) in the fourteenth embodiment, each 1 -output D/l 
conversion portion 230d stores reference current (either IR2. IG2 or IB2) supplied from the reference current source. 
Here, in the present period, all digital gradation data are made to be a low level, and the switches SW20 to SW22 of the 

10 1 -output D/l conversion portion 230d are turned OFF. 

[0137] With the start of the current storing period, a pulse signal as a start signal 1ST is input into F/F 290_1 of the 
first stage, and simultaneously with the input of the pulse signal, a clock signal ICL and a clock inverted signal ICLB are 
input, into F/F 290_1 whereby a shift register comprising n F/F290 begins to operate. When an output signal MSW_1 of 
F/F 290_1 of the first stage assumes a high level, switches SW23a and SW23b provided in the 1 -output D/l conversion 

15 portion within the RGB D/l conversion portion 220c provided with the F/F 290_1 are turned ON. When the switches 
SW23a and SW23b are turned ON, the current storing and outputting TFT T22 of the 1 -output D/l conversion portion 
230d operates in a saturated area because a portion between the gate and the drain is short-circuited. Thereafter, in 
the stabilized condition, the gate voltage is set adjusting to the current/voltage characteristics of TFT T22 so that reference 
current from the reference current source flows between the drain and source of TFT T22. 

20 [0138] After assuming the stabilized condition, when the signal MSW_1 assumes a low level and the output signal 
MSW_2 of F/F of the second stage assumes a high level, the switches SW23a and SW23b of the 1 -output D/l conversion 
portion 230d within the RGB D/l conversion portion 220c provided with F/F 290_1 are turned OFF. At this time, a voltage 
such that TFT T22 causes reference current to flow is held by the capacity element C2 of the 1 -output D/l conversion 
portion 230d within the RGB D/l conversion portion 220c provided with F/F 290_1 . Since one end of the capacity element 

25 C2 is connected to the gates of the outputting TFT T20 and T21, the outputting TFT T20 to T22 are able to flow, 
corresponding to the current ability ratio, current corresponding to the first gradation, current corresponding to the second 
gradation, and current corresponding to the fourth gradation. The period in which the signal MSW is at a high level as 
described above is termed as a 3-output current storing period in the RGB D/l conversion portion 220c. On the other 
hand, the switches SW23a and SW23b within the RGB D/l conversion portion 220c provided with F/F of the second 

30 stage are turned ON, and in the stabilized condition, operation is made in a saturated area so that reference current 
flow between the drain and the source of TFT T22, and the gate voltage is set adjusting to the cur rent/ voltage charac- 
teristics of TFT T22 so that the reference current flows, 

[0139] In the current storing period, the 3-output current storing period as described above is repeated with respect 
to all RGB D/l conversion portions 220c, and reference current is stored in all 1 -output D/l conversion portions 230d. 
35 [0140] In the current driving period (the first operation period), the vertical scanning circuit 300 selects the control lines 
line by line. 

[01 41 ] When the scanning pulse Y_1 assumes a high level, the control line of the first line is selected, and in synchronise 
therewith, 3-bit digital gradation data DO to D2 of the first line corresponding to outputs are input into the 1 -output D/l 
conversion portion 230d every output. When the digital gradation data DO to D2 are input, turning ON/OFF of the switches 

40 SW20 to SW22 is controlled according to these levels (high level (H)/low level (L)), and current having been stored in 
the current driving period of the frame immediately before is output according to the current ability of TFT T20 to T22. 
As a result, gradation expression as shown in Table 1 results. Accordingly, the output current value can be adjusted, 
from 0 to 7 X iO, by digital gradation data input. Further, reference current corresponding to the fourth gradation is stored 
adjusting to unevenness of current/voltage characteristics in the current storing period (the second operation period), 

45 and current corresponding to the fourth gradation in TFT T22 is output, because of which current of high accuracy can 
be output as current corresponding to the fourth gradation. Further, current output in TFT T20 and T21 correspond to 
the first gradation and the second gradation, respectively, but current values thereof are not more than one half of current 
of the fourth gradation, and even if the current value is varied due to the unevenness of current/voltage characteristics, 
its influence is small as compared with the case where the fourth gradation is uneven. 

50 [01 42] Accordingly, even where unevenness of current is somewhat present in the close area, current of high accuracy 
can be supplied. 

[0143] On the ether hand, in the current driving period (the first operation period), the shift register is not operated, 
and all switches SW23a and SW23b always remain turned OFF. 

[0144] The operation as described above is repeated with respect to each frame whereby in a display portion 400, 
55 displaying according to gradation data DO to D2 is carried out, at which time, current of high accuracy is supplied to the 
pixel circuit. 

[0145] According to the fourteenth embodiment as described above, since reference current, is four times of the 
minimum value of reference current in the first embodiment, charging and discharging of a load of wiring for flowing 
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reference current can be carried out at high speed, and it is possible to attain a stabilized condition quickly. Accordingly, 
since the current storing period can be shortened to extend the current driving period, the charging and discharging time 
for a load in a wiring to the pixel within the display portion can be secured long. Because of this, current of higher accuracy 
can be supplied to the pixel. 

5 [0146] It Is noted in the fourteenth embodiment that as in the second to the tenth embodiments, where the pixel circuit 
has the constitution as shown in FIG. 4B, the polarity of the transistor may be changed; a transistor may be used as a 
switch; and timings for turning OFF the switches SW23a and SW23b may deviated each other or transistors are added 
to raise the accuracy of output current. Further, arrangement is made so that only the TFT T22 is a transistor for storing 
and outputting current but TFT T21 also stores and outputs current to increase reference current whereby even where 

10 the close area is uneven, current of higher accuracy can be supplied. 

[0147] Further, for example, in the semiconductor device for a light emission display device in the thirteenth or the 
fourteenth embodiment, one or a plurality of the 1-bit D/l conversion circuits are added to the 1 -output D/l conversion 
circuits in the thirteenth or fourteenth embodiment to thereby raise the accuracy for one or a plurality of bits. Next, the 
fifteenth embodiment of the present invention will be explained. For example, the fifteenth embodiment is applied to the 

15 pixel circuit shown in FIG. 4A. FIG. 29 is a block diagram showing the constitution of a semiconductor device for a light 
emission display device according to the fifteenth embodiment of the present invention. 

[0148] In the fifteenth embodiment, there is provided a D/l conversion portion 21 Od. The D/l conversion portion 21 Od 
is provided with a shift register comprising a 1 -output D/l conversion portion 230e for outputs of (3 x n) to the light 
emission display device and n flip-flops (F/F) 290c_1 to 290c_n provided every 3-output. Into the shift register are input 

20 a start signal 1ST for controlling timing for storing current, a clock signal ICL, an inverted signal ICLB of the clock signal 
ICL, and a current selector signal ISEL1 . Further, digital image data DO to D2 are input into the 1 -output D/l conversion 
portion 230e, and any of reference current IRQ to IR2, IGO to IG2, and IBO to IB2 is input according to light emitting 
colors assigned thereto. Reference current has a current value adjusted to the current-brightness characteristics of 
luminous elements in which light emitting colors are red, blue, and green, and a current value irO of reference current 

25 IRO corresponds to the first gradation of a luminous element whose light emitting color is red, a current value iri of 
reference current IR1 corresponds to the second gradation of a luminous element whose light emitting color is red, and 
a current value ir2 of reference current I R2 corresponds to the fourth gradation of a luminous element whose light emitting 
color is red. Likewise, current values of reference current IGO to IG2 correspond to the first gradation, the second 
gradation and the fourth gradation whose light emitting color is green, respectively, and current values of reference 

30 current IBO to IB2 correspond to the first gradation, the second gradation and the fourth gradation whose light emitting 
color is blue, respectively. Further, current selector signals ISEL1 and ISEL2 are input into the 1 -output D/l conversion 
portion 230e. One F/F 290c, and three 1 -output D/l conversion portions 230e into which signals MSWA and MSWB 
output from the F/F290c constitute one RGB D/l conversion portion 220d. 

[0149] FIG. 30 is a block diagram showing the constitution of a 1 -output D/l conversion portion 230e. The 1 -output 
35 D/l conversion portion 230e is provided with output blocks 240a and 240b respectively comprising three 1-bit D/l con- 
version portions 231 and a data preparation circuit 232. Further, there are provided switches SW31 and SW32 controlled 
by current selector signals ISEL1 and ISEL2, respectively, and for selecting if current is output from which block out of 
the output blocks 240a and 240b. The data preparation circuit 232 produce data signals DOA to D2A and DOB to D2B 
on the basis of digital gradation data EO and D2 for 1 -output and the current selector signals ISEL1 and ISEL2. The data 
40 signals DOA to D2A are input into the output block 240a, and the data signals DOB to D2B are input into an output block 
240_2. An output signal MSWA of F/F 290c is input into the output block 240a, and an output signal MSWB of F/F 290c 
is input into the output block 240b. Reference current 10 to 12 for reference are input into the output blocks 240a and 
240b. The 1-bit D/l conversion portion 231 has the constitution similar to that of the first embodiment, and since the 
current-brightness characteristics of a luminous element has a proportional relation, a relation of iri = 2 x irO and ir2 = 
45 4 X irO is established. Likewise, into the 1-bit D/l conversion portion 231 provided in the 1 -output D/T conversion portion 
230 for displaying green (G) or for displaying blue (B), into which gradation data DO, D1 and D2 are input reference 
current IGO or IBO, reference current IG1 or IB1 , and reference current IG2 or IB2, respectively. 

[0150] FIG. 31 is a circuit view showing the constitution of one example of the data preparation circuit 232. The data 
preparation circuit 232 is provided with NAND gates NANDOA to NAND2A with the current selector signal ISEL1 as 1 

50 input, for example, inverters IVOA to IV2A for inverting these outputs, NAND gates NAN DOB to NAND2B with the current 
selector signal ISEL2 as 1 input, and inverters IVOB to IV2B for inverting these outputs. Gradation data DO is further 
input into the NAND gates NANDOA and NANDOB, gradation data D1 is further input into the NAND gates NAND1 A and 
NAND1B, and gradation data D2 is further input into the NAND gates NAND2A and NAND2B. And, data signals DOA 
to D2A and DOB toD2B are output from the inverters IVOA to IV2A and IVOB to IV2B, respectively. However, this 

55 constitution is one example, and other constitutions may be employed if a similar signal can be output. 

[0151] Next, the operation of the semiconductor device for a light emission display device according to the fifteenth 
embodiment constituted as described above. FIG. 32 is a timing chart showing the operation of the semiconductor device 
for a light emission display device according to the fifteenth of the present invention. 
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[0152] A period from the beginning of vertical scanning of tine display portion 400 (see FIG. 1) to the beginning of the 
next vertical scanning is termed as 1 frame. In the case of the present embodiment, two kinds of frames in which one 
of the mutually exclusive current selector signals ISEL1 and ISEL2 assumes a high level appear alternately. 
[0153] First, the first frame will be explained. In the first frame, the current selector signal ISEL1 assumes a high level, 

5 and the current selector signal ISEL2 assumes a low level. In this case, in the output blocks 240a and 240b, in the first 
output block 240a into which are input digital image data DAO to DA2, the switch SW1 is turned ON to output current. 
On the other hand, in the second output block 240b into which are input digital image data DBO to DB2, the switch SW2 
is turned OFF to store current. In further detail, the 1-bit D/l conversion portion 231 within the output block 240b stores 
any one of reference current IRO to IR2, IGO to IG2, and IBO to IB2. However, in the present frame, the digital gradation 

10 data DBO to DB2 are at a low level, the switch SW1 of the 1 -bit D/l conversion portion 231 within the output block 240b 
is OFF. 

[0154] Next, the operation for storing current of the output block 240b will be explained. 

[0155] With the start of the first frame, a pulse signal as a start signal 1ST is input into F/F 290c_1 of the first stage, 
and a clock signal ICL and a clock inverted signal ICLB are input into F/F 290c_1 simultaneously with the input of the 

^5 pulse signal whereby a shift register comprising n F/F 290 starts to operate. When an output signal MSWB_1 of F/F 
290c_1 of the first stage assumes a high level, switches SW2 and SW3 of each 1-bit D/l conversion portion 231 of the 
output block 240b provided in the 1 -output D/l conversion portion 230e into which the output signal MSWB 1 is input 
are turned ON. When the switches SW2 and SW3 are turned ON, a current storing and outputting TFT T1 within the 1 - 
bit D/l conversion portion 231 is operated in a saturated area since the gate and the drain thereof is short-circuited. And, 

20 in the stabilized condition of the present operation, the gate voltage is set adjusting to current/voltage characteristics of 
TFT T1 so that reference current flows between the drain and the source of TFT T1 . 

[0156] After assuming the stabilized condition, when the signal MSWB_1 assumes a low level, and the output signal 
l\/ISWB_2 of F/F of the second stage assumes a high level, the switches SW2 and SW3 within the output block 240b 
provided in the 1 -output D/l conversion portion 230e within the RGB D/l conversion portion 220d provided with F/F 290_1 

25 are turned OFF. At this time, the gate voltage of TFT T1 of the output block 240b within the RGB D/T conversion portion 
220d provided with F/F 290_1 is held to be a voltage so that reference current is flown by the capacity element C1 . As 
a result, reference current is stored in TFT T1 irrespective of the current/voltage characteristics. The period in which the 
signal MSW is at a high level is termed as a 3-output current storing period in the RGB D/l conversion portion 220d. On 
the other hand, the switches SW2 and SW3 of the output block 240b within the RGB D/l conversion portion 220d provided 

30 with F/F of the second stage are turned ON, and in the stabilized condition, operation is carried out in a saturated area 
so that reference current flows between the drain and the source of TFT T1 of the 1 -bit D/l conversion portion 231 , and 
the gate voltage is set adjusting the current /voltage characteristics of TFT T1 so that reference current flows. 
[0157] In the first frame period, the 3-output current storing period as mentioned above is repeated with respect to the 
second output block 240b within all the RGB D/l conversion portions 220d, and reference current is stored in the second 

35 output block 240b of all the 1 -output D/l conversion portions 230e. 

[01 58] Next, the operation of the first output block 240a in the first frame will be explained. The vertical scanning circuit 
300 selects control lines line by line. FIG. 32 shows scanning pulses Y_1 and Y_2 which are outputs of the first line and 
the second line, respectively. 

[01 59] When the scanning line Y_1 assumes a high level, the control line of the first line is selected, and in synchronism 
^0 therewith, 3-bit digital gradation data DO to D2 of the first line corresponding to outputs are input into the first output 
block 240a within the 1 -output D/l conversion portion 230e every output. When the digital gradation data DO to D2 are 
input, turning ON/OFF of the switch SW1 within the 1 -bit D/l conversion portion 231 is controlled according to these level 
(high level (H)/low level (L)), and current having been stored in TFT T1 in the current driving period of the frame immediately 
before whereby gradation expression is carried out. 
^5 [0160] AS shown in Table 1 , the output current value can be adjusted, from 0 to 7 x iO, by digital gradation data input. 
Further, in the frame immediately before, the gate voltage is set so that current equal to the reference current source 
flows adjusting to the current/voltage characteristics of TFT T1 , and being output using the same TFT T1 , because of 
which unevenness of output current is small, irrespective of the unevenness of current/voltage characteristics, and high 
accuracy is obtained. 

50 [0161] On the other hand, in the first frame, the output MSWA of the shift register is always at a low level, and the 
switches SW2 and SW3 within all the output blocks 240a always remain turned OFF. 

[01 62] Next, in the second frame, the current selector signal ISEL1 is set to a low level, and the current selector signal 
ISEL2 is set to a high level, whereby the operation of the first output block 240a is replaced with the operation of the 
second output block 240b. As a result, the first output block 240a stores current, and the second output block 240b 
55 outputs current. 

[0163] In the present embodiment, the above-described operation is repeated every 2 frames, whereby currant of 
high accuracy can be supplied to the pixel circuit. Further, in the present embodiment, since two output blocks are 
provided in 1 -output, in each frame, one output block can be used to output current, and the other output block can be 
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used to store current, and the current storing period need not be provided separately. Thereby, one frame period serves 
as a current driving period, the changing and discharging time for a load of a wiring to the pixel within the display portion 
can be secured longer. Accordingly, current with higher accuracy can be supplied to the pixel. 

[0164] It Is noted that the second to fourteenth embodiments may be applied to the fifteenth embodiment, and the 

5 similar effect can be obtained. 

[0165] Further, a period of current storage is not limited to every one frame, but may be every several frames. The 
period of current storage Is set every several frames whereby a period of current storage Is extended, and therefore, 
current can be stored with higher accuracy. However, It Is necessary that no variation less than accuracy obtained due 
to a leakage of a transistor or the like occurs in the gate voltage corresponding to current at the time of storage. 

10 [0166] Next, the sixteenth embodiment of the present invention will be explained. In the sixteenth embodiment, a 
precharge circuit is provided at the rear of the 1 -output D/l conversion portion. FIG. 33 is a block diagram showing the 
constitution of the semiconductor device for a light emission display device according to the sixteenth embodiment of 
the present invention. 

[0167] In the sixteenth embodiment, a D/l conversion portion 21 Oe is provided. The D/l conversion portion 21 Oe has 
15 the constitution similar to that of the D/l conversion portion 21 Od In the sixteenth embodiment except that a precharge 
circuit 250 is provided at the rear of each 1 -output D/l conversion portion 230e. A precharge signal PC Is Input Into the 
precharge circuit 250. 

[0168] In the precharge circuit 250, in the period set by a precharge signal, a voltage determined by output current of 
the 1 -output D/l conversion portion in place of output current of the 1 -output D/l conversion portion 230e is output in 

20 each output of the D/l conversion portion 21 Od. FIG, 34 Is a current diagram showing the constitution of the precharge 
circuit 250. The precharge circuit 250 is provided with N channel transistors T31 to T33 controlled by the precharge 
signal PC and a P channel transistor T34. Output current lOUT is input into one end of the transistors T31 and T32 from 
the 1 -output D/l conversion portion, and a false load circuit 252 and a non-inverted input terminal of an ope-amp 251 
are connected to the other end of the transistor T31 . In the false load circuit 252, one end of the transistor T33 is connected 

25 to the transistor T31 , and a gate of the P channel transistor T35 Is connected to the other end of the transistor T33. A 
voltage VEL is supplied to a source of the transistor T35, and the other end thereof is connected to the transistor T31. 
An output signal of the ope-amp 251 itself is input into an inverted input terminal of the ope-amp 251, one end of the 
transistor T32 is connected to an output terminal of the ope-amp 251, and the other end thereof Is connected to the 
other end of the transistor T34. A driving current of a luminous element is output from a common connection between 

30 the transistors T32 and T34. 

[0169] In such a precharge circuit 250 as described, whether output current lOUTof the 1 -output D/l conversion portion 
230e is output as output current lout directly, or is output to the false load circuit 252 is decided by the transistor T34. 
Further, whether or not output of the ope-amp 251 Is to be output of the D/l conversion portion 21 Oe Is decided by the 
transistor T32. Furthermore, since the ope-amp 251 negatively feeds back its output, a voltage input into the non-inverted 

35 input is voltage -follower output. Further, the transistor T35 is the same transistor as TFT T 1 02 of the pixel circuit (FIG. 
4A) within the display portion 400 or a transistor having equable current ability. However, the false load circuit 252 may 
be a constitution in which the gate and the drain of the transistor T35 is short-circuited, and the transistor T33 is not 
provided, further, since the transistors T31 , T32 and T34 act as a switch, a transistor of reverse polarity may be used 
according to the polarity of the precharge signal PC, for example, and if a constitution is employed In which the precharge 

^0 signal PC itself and its inverted signal are input, transistor of any polarity can be used. 

[0170] Next, the operation of the precharge circuit 250 will be explained. FIG. 35 Is a timing chart showing the operation 
of the precharge circuit 250. 

[0171] In the present embodiment, a 1 line selection period is divided Into a first period and a second period according 
to a level of the precharge signal PC. 

45 [0172] In the first period, the precharge signal PC is at a high level, which period is a precharge period. When a 
scanning pulse Y_1 assumes a high level, a control line of the first line Is selected, In synchronism with which 3-blt digital 
gradation data DO to D2 of the first line corresponding to outputs are input into the 1 -output D/l conversion portion 230e 
every output. The 1 -output D/l conversion portion 230e outputs current in accordance with the relationship shown in 
Table 1 from the digital gradation data DAG to DA2 input. At this time, if the precharge signal PC is at a high level, the 

50 transistor T34 within the precharge circuit 250 is turned OFF, and the transistors T31 and T32 are turned ON. Therefore, 
In the precharge circuit 250, output current of the 1 -output D/l conversion portion 230e flows Into the false load circuit 
252. Since the false load circuit 252 is provided with the transistor T35, where output current lout flows in a stabilised 
manner, the gate voltage of the transistor T35 is substantially the same voltage as the gate voltage where the output 
current lout flows Into the pixel circuit within the display portion In a stabilized manner. And, this voltage Mill be an Input 

55 of the voltage follower constituted by the ope-amp 252, and In the precharge period, the transistor T32 is turned ON, 
because of which output of the voltage follower will be output of the D/I conversion portion 21 Oe. Thereby, in the present 
period, the gate voltage of the transistor T35 can be applied to the pixel circuit within the display portion. 
[0173] The false load circuit 252 is located close to the 1 -output D/l conversion portion 230e away from the pixel circuit. 



21 



EP2 148 317 A2 



and a wiring load or tine like which need be charged or discharged is extremely small. Therefore, the operation for flowing 
constant output current of the 1 -output D/l conversion portion 230e into the transistor T35 in a stabilized manner can be 
carried out at very high speed, even where output current value is low, as compared with the case where the pixel circuit 
within the display portion is driven by constant output current of the 1 -output D/l conversion portion 230e. Further, the 

5 operation for applying the gate voltage of the transistor T35 to the pixel circuit within the display portion can be also 
realized because the operation is carried out by output of low impedance which is a voltage follower. 
[0174] In the second period, the precharge signal is at a low level, and the period is a current output period. Where 
the precharge signal PC is at a low level, the transistor T34 within the precharge circuit 250 is turned ON, and the 
transistors T31 and T32 are turned OFF. Therefore, in the precharge circuit 250, output current of the 1 -output D/l 

10 conversion portion 230e is output without modification, and the pixel circuit within the display portion is driven. At this 
time, the precharge operation is carried out in the first period, and therefore, a voltage close to that where output current 
of the 1 -output D/l conversion portion 230e flows in a stabilized manner is applied to the pixel circuit within the display 
portion. Accordingly, in the second period, the operation for correcting unevennessof current ability between the transistor 
T35 and the transistor TFT T1 02 (FIG. 4) in the pixel circuit within the display portion, and the operation for flowing output 

15 current lout to the pixel circuit within the display portion in a stabilized manner to drive it are carried out. As a result, the 
amount for charging and discharging the wiring load or the like in the second period will suffice to be small. Accordingly, 
in the second period, the period can be shortened as compared with the case where the precharge operation is not 
carried out. Further, since the current driving is carried out after a stable voltage has been output by the precharge 
operation, the operation becomes enabled without being affected by the condition prior to the 1 line selection period. 

20 [0175] Thereafter, the scanning pulse Y_1 assumes a low level, the scanning pulse Y_2 assumes a high level, the 
control line of the second line is selected, and the same operation is repeated. By the above-described operation, the 
pixel circuit within the display portion can be driven at high speed by current of higher accuracy. 

[0176] It is noted that the first to fifteenth embodiment may be applied as the 1 -output D/l conversion portion of the 
sixteenth embodiment, and if it apply the circuit/semiconductor device which supply current are not included in the 
25 present invention, similar effect can be obtained. 

[0177] Next, the seventeenth embodiment will be explained. In the seventeenth embodiment, the constitution of the 
precharge circuit in the sixteenth embodiment is chanced. FIG. 36 is a block diagram showing the constitution of a 
precharge circuit according to the seventeenth embodiment. 

[0178] An N channel transistor T36 into which the precharge signal PC is input and P channel transistors T37 and 
30 T38 are provided in the precharge circuit 250a in the seventeenth embodiment in addition to the constitutional elements 
of the precharge circuit 250. The transistor T38 is connected between an output terminal of the ope-amp 251 and an 
inverted input terminal. Further, a capacity element C3 is input into an output terminal of the ope-amp 251 , the transistor 
T36 is connected between the other end thereof and the inverted input terminal, and the transistor T37 is connected 
between it and a non-inverted input terminal. 
35 [01 79] The thus constituted precharge circuit 250a is provided with a circuit for canceling an offset voltage of the ope- 
amp 251 well known, and the offset canceling operation is carried out in a current driving period whereby the precharge 
operation can be carried out without being affected by the offset voltage of the ope-amp 251 . Other operations are similar 
to the operation of the precharge circuit 250 in the sixteenth embodiment. 

[0180] Next, FIG. 39 shows the eighteenth embodiment of the present invention. The eighteenth embodiment provides 
^0 a horizontal driving circuit 200 comprising a data register 203 for holding a digital signal to be input, a data shift register 
202 for outputting a scanning signal in synchronism with the holding timing, a data latch 204 for holding signals of all 
data registers in synchronism with a latch signal to output them to a D/l conversion portion 210, and a D/l conversion 
portion 21 0 for outputting current in accordance with the digital data signals. The D/l conversion portion 21 0 may include 
a precharge circuit. Further, the D/l conversion portion 210 may be constituted by the D/l conversion portion in any of 
45 the first to seventeenth embodiments of the present invention. 

[0181] Next, FIG. 40 shows the nineteenth embodimentof the present invention. In the nineteenth embodiment, outputs 
of the D/l conversion portion of the eighteenth embodiment can be connected sequentially to aplurality of display portions 
400 by a selector circuit 21 1 to thereby increase data lines and pixel circuits that can be driven without increasing circuit 
scales. 

50 [0182] Next, FIG. 41 shows the twentieth embodiment of the present invention. In the twentieth embodiment, a reference 
current source 212 for preparing reference current is encased in a horizontal driving circuit 200, in the eighteenth 
embodiment. 

[0183] In the first to twentieth embodiments of the present invention, a transistor is explained referring to TFT, but a 
more general transistor may be employed, and a plurality of horizontal driving circuits 200 may be used with respect to 
55 a single display portion. Further, all transistors are prepared by TFTs whereby the display portion 400, the horizontal 
driving circuit 200 and the vertical scanning circuit 300 may be formed on the same substrate. In this case, a load (circuit) 
of the precharge circuit in the embodiment of the present invention is prepared by a load (circuit) having the same 
constitution as the load of the display portion 400 to enable realizing precharging of higher accuracy. 
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[0184] In the first to twentieth embodiments of the present invention, the light emission display device provided with 
the luminous element in which the current-brightness characteristics are in a proportional relationship in colors (R, G, 
B) has been explained referring to the embodiment of the device which is driven in 4096 color display for which 3-bit 
digital gradation data of 0 gradation to 7 gradations display. However, in case of a single color or also in case of many 

5 bits, the similar constitution can be extended without modification. Further, all transistors are of TFTs, but even more 
general transistors, the present invention can be realized by the similar constitution. Further, as the active matrix type 
pixel circuit, there is supposed FIG. 4A, but also with respect to the pixel circuits of other current driving system and 
even with respect to the pixels the simple matrix system, the present invention can be realized by the similar constitution. 
[01 85] While the embodiments as described above have been explained in the light emission display device provided 

10 with a light emission display element, they can be also applied to the current load device provided with a more general 
current load element. 

[0186] As has been hereinbefore described in detail, according to the present invention, current of high accuracy can 
be supplied to a cell (circuit) of the current load device. This is because of the fact that a voltage between the gate and 
the source in the state that reference current flows in a stabilized manner between the drain and source of the transistor 

15 within the digital-to-current conversion device is stored whereby current of high accuracy can be stored, without being 
affected by the unevenness of current/voltage characteristics of the transistors, and current is output by the transistor 
having current stored therein. Further, the number of transistors for storing and outputting current can be increased or 
decreased in accordance with the unevenness of current/voltage characteristics in the close area. Where current to be 
stored is less, and the current value thereof is large, the time for storing can be shortened, and the time for outputting 

20 (driving) is extended to enable securing the time for charging and discharging the data line within the current load device 
and the load of the pixel longer. Accordingly, current of higher accuracy can be supplied to the cell (circuit) of the current 
load device. Further, the transistor for storing current every output terminal and the transistor for outputting current are 
provided every output terminal, and are replaced every frame, whereby the storing period is not necessary separately, 
and the time for outputting (driving) can be extended. As a result, current of higher accuracy can be supplied to the cell 

25 (circuit) of the current load device. 

[0187] Further, the precharge circuit provided with the false load circuit is provided between the output of the digital- 
to-current conversion device and the current load device whereby even where the output current value is low, current 
or the pixel (circuit) of the device can be driven at high speed. This is because of the fact that in the initial stage of output, 
the false load circuit is driven at high speed by the current output of the digital-to-current conversion device, the voltage 

30 obtained from the false load circuit is supplied to the cell (circuit) within the current load device by the voltage follower, 
and the voltage where the current output of the digital-to-current conversion device is applied to the cell (circuit) within 
the current load device can be applied at high speed, after which the cell (circuit) within the current load device is directly 
driven by the current output of the digital -to-current conversion device to correct it, which operation is carried out whereby 
the amount of charging and discharging with constant current of loads of the pixel within the current load device or the 

35 signal line can be reduced. 

Claims 

^0 1. A semiconductor device for driving a current load device provided with a plurality of cells including a current load 
element comprising: 

a plurality of current outputting circuits and precharge circuits (250, 250a), said precharge circuit (250, 250a) 
has two functions, one is supplying a voltage determined by an output current of said current outputting circuit 
^5 to each cell of said current load device on a data line within said current load device, through said data line, 

and the other is supplying a current as said output current of said current outputting circuit to each cell of said 
current load device on said data line, through said data line. 

2. The semiconductor device for driving a current load device according to Claim 1, characterized in that said pre- 
50 charge circuit (250, 250a) comprises a false load circuit which is a load equal to a load in said cell within said current 

load device driven by output current from said current output circuit, and a voltage follower for impedance-converting 
and outputting a voltage generated when output current of said current outputting circuit was supplied to said false 
load. 

55 3. The semiconductor device for driving a current load device according to Claim 2, characterized in that the false 
load circuit of said precharge circuit (250, 250a) is a load equal to a current load element in said cell or a circuit load 
equal to a cell circuit load for holding and supplying current in said cell. 
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. The semiconductor device for driving a current load device according to Claim 2 or 3, characterized in that a 
voltage obtained by supplying output current of said current outputting circuit to said false load circuit as precharge 
operation at the beginning of 1 horizontal period Is Impedance-converted by the voltage follower within said precharge 
circuit (250, 250a) and applied to a current load element or a cell circuit load within said current load device via the 
data line of said current load device, after which as current driving operation, output current of said current outputting 
circuit is directly supplied to a current load element or a cell circuit load within the cell within said current load device 
via the data line of said current load device. 

. The semiconductor device for driving a current load device according to any one of Claims 2 to 4, characterized 
in that said precharge circuit (250, 250a) has the constitution for canceling an offset voltage of said voltage follower. 

. The semiconductor device for driving a current load device according to Claim 5, characterized in that said operation 
for canceling an offset voltage of the voltage follower within said precharge circuit (250, 250a) Is carried out once 

in or a few frames. 

. The semiconductor device for driving a current load device according to any one of Claims 2 to 6, characterized 
in that said current outputting circuit Is a n-bit digltal-to-current conversion circuit (210, 210a-210d) according to 
Claim 1. 

. The current load device according to one of Claims 1 to 7 provided with a semiconductor device for driving a current 
load device, characterized in that a load having the same constitution and size as that of said current load element 
in each of said cell within said current load device or said circuit for holding and supplying current to said current 
load element in each of said cell within said current load device Is provided as a false load within said precharge 
circuit (250, 250a). 

. The current load device according to Claim 8 provided with a semiconductor device for driving a current load device, 
wherein said current load element is a luminous element. 

0. The current load device according to Claim 8 provided with a semiconductor device for driving a current load device, 
wherein said current load element Is an organic EL element. 
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